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PKEFACE. 



A certain moral obligation rests on the discoverer or pos- 
sessor of new and valuable fossils, to maKe them known as 

extensively as possible to the scientific world. This he may 
do either personally or by the aid of others more convenont 
with the class of objects in question. I have generally pre- 
ferred the latter course for all objects not included in my 
own special lines of investigation ; and in the case of the 
subjects of the present brochure, have presented them, as dis- 
covered, to the investigation of naturalists specially engaged 
in the study of such remains. Through their kindness my 
specimens have been extensively illustrated, chiefly in the 
pages of the Journal of the Geological Society of London. 
I have, however, found it impossible to bring out in this way 
all the details desirable, and to present a connected view of 
the facts. Hence the present publication, in which I give a 
summary of all that I have been able to ascertain of the land 
animals of the coal period in Nova Scotia, and endeavour to 
make my collection of their fossil remains the common pro- 
perty of all geologists and naturalists, thereby discharging 
the obligations under which I am laid by having had these 
precious relics placed by Providence in my hands. 



TV PBEFAOE. 

To do this has cost me some" sacrifice. The time required 
has been snatched from scanty intervals of rest in the midst 
of daily severe toil, and above all it has necessarily been 
taken from the prosecution of those researches in the fosffll bo^ 
tany of the pal^ozoie period, to which I have devoted special 
attention for many years, and wHch are yet very incomplete. 
These circumstances, and the scanty means of^reference and 
comparison at my disposal, I must plead as 'excuses for any 
imperfections which may appear in the work. 

The lithographed illustrations must not be taken as evi- 
dence of th)9 state of art in Canada. They are merely trans- 
ftrs from my own rough tracings of the objects, and the only 
merit which they claim is that of accuracy of outline. 

The photograph inserted in some of the copies, I owe to 
the kindness of Mr. G. B. Prowse, an amateur artist of this 
city. It presents an accurate magnified picture of some 
of Ihe principal remains ; and deserves much praise as a 
highly successfrd application of microscopic photography to 
very difficult objects. 

It is proper to add that the greater part of Ihe matter of 
this memoir has appeared in the Canadian Naturalist and 
Geolo^t for 1863- 

J. W. DAWSON. 

tfoGiLL Uniyiiibitt, Montbbal, 
June, 1863. 
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L IVTSODUOTaUT* 



The animal population of the earth during Ibe older or prias<h 
. zoic period of its geological history^, is known to us chiefly through 
the medium of remains preserved in rocks deposited in the bed of 
the ocean. In such rocks we have little reason to expect an 
abundant representation of the animals of the land, even if these 
existed at the time plentifully on the neighbouring shores. Per- 
haps for this reason, — perhaps because there were then no land 
animals, the organic remains of the Cambrian, Silurian, and Lower 
Devonian rocks consist, in so far as animal life is ooncemed| 
solely of marine species. In the Upper Silurian and Lower De* 
vonian, however, land plants begin to appear; and in the Upper 
Devonian these are so numerous and varied as to aflford a proba- 
bility that animals also tenanted the land. Indeed, Mr. Hartt, of 
St John, has just announced the discovery of remains, which he be- 
lieves to be attributable to insects, in the rich plabt-bearing Upper 
Devonian beds of that locality.^ It is true also that reptiles of 

* In a letter to the author. It is to be hoped that descriptions of these 
interesting remains maj soon be published. 
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high organization haye been found in beds referred to the Upptnr 
Devonian, at Elgin, in Scotland ; but so much doubt rests on the 
age of these beds, that it is unsafe at present to regard them as 
afifording evidence of reptilian life at so early a period. 

That there was dry land, even in the Lower Silurian period, we 
Imow, and can even trace its former shores. In Oanada our old 
LaurentW coast extends for more than a thousand miles, from 
Labrador to Lake Superior, marking the southern border of the 
nucleus of the American continent in the Lower Silurian period. 
Along a great part of this ancient coast we have the sand-flats of 
the Potsdam Sandstone, affording very favorable conditions for 
the imbedding of land animals, did these exist ; still, notwithstand- 
ing the zealous explorations of the Qeological Survey, and of 
many amateurs, no trace of an air-breather has been found. I 
have myself followed the Lower Silurian beds up to their ancient 
limits in some localities, and collected the shells which the waves 
had dashed on the beach, and have seen under the Silurian 
beds, the Laurentian rocks pitted and indented with weather 
marks, showing that this old shore was then gradually subsiding ; 
yet the record of the rocks was totally silent as to the animals 
that may have trod the shore, or the trees that may have waved 
over it All that can be said is that the sun shone, the rain fell, 
and the wind blew as it does now, and that the sea abounded in 
living creatures. The eyes of trilobites, the weathered Lauren- 
tian rocks, the wind-ripples in the Potsdam sandstone, the rich 
fossils of the limestones, testify to these things. The existence 
of such conditions would lead us to hope that land animals may 
yet be found in these older formations. On the other hand, the 
gradual failure of one form of life after another, as we descend in 
the geological series, and the absence of fishes and land plants in 
the older Silurian rocks, might induce us to believe that we have 
here reached the beginning of animal life, and have left far behind 
us those forms that inhabit the land. 

Even in the Carboniferous period, though land plants abound, 
air-breathers are few, and most of them have only been recently 
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recognized. We know, however, with certainty that the dark 
and luxuriant forests of the coal period were not destitute of ani- . 
mal life. Beptiles crept under their shade, land-snails and milli- 
pedes fed on the rank leaves and decaying vegetable matter, and 
insects flitted through the air of the sunnier spots. Great interest 
attaches to these creatures; perhaps the first-born species in some 
of their respective types, and certainly belonging to one of the . 
oldest land faunas, and presenting prototypes of future forma 
equally interesting to the geologist and the zoologist 

It has happened to the writer of these pages to have had some 
share in the discovery of several of these ancient animals. The 
coal formation of Nova Scotia, so full in its development, so rich in 
fossil remains, and so well exposed in coast cliffs, has afforded ad- 
mirable opportunities for such discoveries, which have been so far 
improved that at least eight out of the not very large number of 
known Carboniferous land animals, have been obtained from it.^ 
The descriptions of these creatures, found at various times and at 
various places, are scattered through papers ranging in date from 
1844 to 1862,f and are too fragmentary to give complete informa- 
tion respecting the structures of the animals, and their conditions 
of existence. I have, for some time, designed to prepare a 
resum^ of the published facts, with the addition of such new points 
as may arise from the further study of the specimens, but have 
been deterred by the incomplete state of my knowledge, and the 
prospect of further discoveries. So much has, however, now' been 
done, and so many difficulties have been removed by the labours 
of several eminent naturalists who have examined the specimens, 
that I think the time has arrived when such a work may be under- 
taken with advantage to science. 

* It appears that five species of Carboniferous reptiles have been re- 
cognised on the continent of Europe, three in Great Britain, and four in 
the United States. More full references will be made to these in the 
sequel. 

t Papers by Lyell, Owen, and the author, in the Journal of the"* Geolo- 
gical Society of London, vols, i, ii, iz, x, xi, xvi, xvii, xviiL 



In ntfw endeavouring more tcHUj to introduce tbe tenants of tbe 
coal forests of Nova Scotia to the notice of geologists and of tbe 
general reader, I shall tab them nearly in the order in winch 
fhej have become known to me, and i^D not scmple to indnlge 
in some gosap as to the drcmnstances of their discoveiy, and in 
s6me speculations as to their modes of life. I shaH however endeav- 
or carefhlly to som up the &cts ascertained as to their structure, 
and ffaeir rdation to other cveatures, whether their contemporaries 
or successors. 
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n. Footprints. 
Plate I. 

It has often happened to geologists, as to other explorera of 
new regions, that footprints on the sand have guided them to the 
inhabitants of unknown lands. The first trace ever observed of 
reptiles in the carboniferoos system, consisted of a series of small 
but well-marked footprints found by Sir W. % Logan, in 1841, 
in the lower coal measures of Horton Bluff, in Nova Scotia ; and 
as the authors of all our general works on geology have hitherto, 
in so far as I am aware, £uled to do justice to this discovery, I 
shall notice it here in detail. In the year above mentioned, SiV 
William, then Mr. Logan, examined the coal fields of Pennsylvania 
and Nova Scotia, with the view of studying their structure, and ex- 
tending the application of the discoveries as to Stigmaria under- 
clays which he had made in the Welsh coal fields. On his return 
to England, he read a paper on these subjects before the Geologi- 
cal Society of London, in which he noticed the discovery of rep- 
tilian footprints at Horton Bluff. The specimen was exhibited 
at the meeting of the Society, and was, I believe, admitted on the 
high authority of Prof. Owen, to be probably reptilian. Uitfortun- 
ately. Sir William's paper appeared only in abstract in the Trans- 
actions ; and in this abstract, though the footprints are mentioned, 
no opinion is expressed as to their nature. Sir William's own 
opinion is thus stated in a letter to me, dated June, 1843, when 
he was on his way to Canada, to conmience the survey which has 
since developed so astonishing a mass of geological facts. 

*' Among the specimens which I carried from Horton Bluffy one 
is of very high interest. It exhibits the footprints of some reptilian 
animal. Owen has no doubt of the marks being genuine footprints. 
The rocks of Horton Bluff afe below the gypsum of that neigh- 
bourhood ; so that the specimen in question (if I^di*s views are 
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correct^) comes from the very bottx)m of the coal series, or at any 
rate very low down in it; and demonstrates the existence of reptiles 
at an earlier epoch than has hitherto been determined ; none having 
been previously found below the magnesian limestonci or to give it 
Mnrchison's new name, the 'Permian era.' " 

This extract is of interest, not merely as an item of evidence in 
relation to the matter now in hand, but as a mark in the progress 
of geological investigation. For the reasons above stated, the im- 
portant discovery thus made in 1841, and published in 1842, was 
overlooked ; and the discovery of reptilian bones by Von Dechen, 
at Saarbruck, in 1844, and that of footprints by Dr. King in the 
same year, in Pennsylvania, have been uniformly referred to as the 
first observations of this kind. This error I now desire to correct, 
not merely in the interest of truth, but also in that of my friend Sir 
William Logan, and of my native province' of Nova Scotia ; and 
I trust that henceforth the received statement will be, that the first 
indications of the existence of reptiles in the coal period, were ob- 
tained by Logan, in the lower coal formation of Nova Scotia, in 
1841. Insects and arachnidans, it may be observed, had pre- 
viously been discovered in the coal formation in Europe. 

The original specimen of these footprints is still in the collec- 
tion of Sir William Logan. It is a slab of dark colored sand- 
stone, glazed with fine clay on the surface ; and having a series of 
seven footprints in two rows, distant about 3 inches ; the distance 
of the impressions in each row being 3 or 4 inches, and the individual 
impressions about 1 inch in length. They seem to have been made 
by the points of the toes, which must have been armed with strong 
and apparently blunt claws, and appear as if either the surface had 
been somewhat firm, or as if the body of the animal had been 
partly water-borne. In one place only is there a distinct mark of 

the whole foot, as if the animal had exerted an unusual pressure 



* Sir Oharles Lyell bad then just read a paper annonncing his discovery 
that the gjpeiferoiis system of Nova ScStia is Lower Oarboniferous, in 
which he mentions the footprints reftrred to, as being reptilian. 
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in turning or stopping suddenly. One pair of feet, the fore feet I 
presume, appear to have had four claws ; the other pair may have 
had three or four, and it is to be observed that the outer toe, as in 
the larger footprints discovered by Dr. King, projects in the man- 
ner of a thumb, as in the cheirotherian tracks of the Trias. No mark 
of the tail or belly appears. The impressions are such as may have 
been made by some of the reptiles to be described in the sequel, 
as, for instance, by Dendrerpeton Acadianum. 

Attention having been directed to such marks by these obser- 
vations of Sir William Logan, several other discoveries of the 
same kind were subsequently made, in various parts of the pro- 
vince, and in different members of the carboniferous system. 
T^e first of these, in order of time, was made in 1844, in 
beds of red sandstone and shale near Tatamagouche, in the eastern 
part of Nova Scotia, and belonging to the upper or newer mem- 
bers of the coal measures. In examining these beds with the view 
of determining their precise geological age, I found on the surfisice 
of some of them impressions of worm-burrows, rain drops, and sun- 
cracks, and with these, two kinds of footprints, probably of rep- 
tilian animals. One kind consisted of marks, or rather scratches, 
as of three toes, and resembling somewhat the scratches made by 
the claws of a tortoise in creeping up a bank of stiff clay ; they 
were probably of the same nature and origin with those found by 
Logan at Horton. The others were of very different appearance. 
They consisted of two series of strongly marked elongated impres- 
sions, without distinct marks of toes, in series four inches distant 
from each other, and with an intervening tail mark. They seem 
to have been produced by an animal wading in soft mud, so that 
deep holes, rather than regular impressions, marked its footsteps, 
and that in the hind foot, the heel touched the surface, giving a 
plantigrade appearance to the tracks. Rain marks had been 
impressed on the surface after the animal had passed over it^ and 
these had probably aided in obliterating the finer parts of the im- 
pressions. These observations were published in the Journal of 
the Geological Society of London, vols. 1st and 2nd. 
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Sfaoi;07 Afterward, Dr. Harding, of Windsor, when examining 
A cargo of, sandstone which bad been landed at that place from 
Parrsboro', found on one of the slab^ a very distinct series of foot- 
prints each with four toes, and a tracer of the fifth. Dr. Hard- 
ing's specimen is now in the museum of King's College, Windsor. 
Its impressions are more distinct, but not very different otherwise 
from those above described as found at Horton Bluff. The rocks 
at that place are probably of nearly the same age with those of 
Parrsbpro'. I afterward examined the place from which this slab 
had been quarried, and satisfied myself that the beds are Carboni- 
ferous, and probably Lower Carboniferous. They were ripple- 
xnarked and sun-cracked, and I thought I could detect trifid foot- 
prints, though more obscure than those in Dr. Harding's slab. 
Similar footprints are also stated to have been found by Dr. Qesne;*, 
at Parrsboro'. 

T have since observed several instances of such impressions at 
the Jogfl^ns, at Horton, and near Windsor, showing that they are 
by no meaas rare, and that ref^tilian animals existed in no incon- 
siderable numbers throughout the coal-field of Nova Scotia, and 
from the beginning to the end of the carboniferous period. Two of 
the more interesting examples are figured with those already des- 
cribed. On comparing these with one another, it will be observed 
that Logan's, Harding's, and one of mine are of similar general 
character, and may have been made by one kind of antma^ 
which must have had the fore and hind feet nearly of equal size. 
The other belongs to a smaller animal, which probably travelled 
on longer limbd, more in the manner of an ordinary quadruped. 
Its toes cannot be distinguished* On the whole, these footprints, 
while differing from those found by Dr. King in Pennsylvania, 
do not prove the existence of any kind of animal distinct from 
those to be described in the sequel, and known to us by the pre- 
servation of portions of their skeletons. 

The study of these footprints shows that the animals which 
produced them may, in certain circumstances, have left impres- 
sions of only two or three of their toes, while in other cir- 
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eamstances all may have left marks; and that, when wading in 
deep mnd, their footprints were altogether different from those 
made on hard sand or clay. In some instances the impressions 
may have been made by animals wading or swimming in water, 
yrhih in others the rain-marks and sun-cracks afford evidence that 
the surface was a sub-aerial one. They are chiefly inter- 
esting as indicating the wide diffusion and abundance of the 
creatures producing them, and that they haunted tidal flats and 
muddy shores, perhaps emerging from the water that they might 
bask in the sun, or possibly searching for food among the rejecta- 
menta of the sea, or of lagunes and estuaries. 



EXPLANATION OP PLATE I. 
Footprints of Reptiles^ Sfc, 

Pig. 1.— -Pootprints discovered by Sir W. E. Logan, in the Lower Oar- 
boniferous beds of Horton Bluff, in 1841 ; reduced to one- 
fourth of the natural size, (la)' one of the impressions, natu- 
ral size. 

" 2.-»Pootprints discovered by Dr. Harding, in the Lower Oarbonife- 
rous beds of Parrsboro'; one-fourth of the natural size. (2a) 
Prints of fore and hind foot natural size. This figure is 
from a rubbing kindly taken for me by Prof. How, of Wind- 
sor. 

" 3.-»Pootprints from the Goal Measures of the South Joggins ; 
one-fourth natural size. (3 a) One of the impressions natu- 
ral size. 

'' 4. — Smaller footprints from the South Joggins ; one-fourth natu- 
ral size. 

" 6. — Skin of a reptile, found with remains of a small Dendrerpetorif 
in an erect tree at the Joggins. (a) Scaly portions ; (b) 
Traces of hhid leg? and small scales, (c) (d) Portions 
magnified, showing scales. 



fi 
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m. BaPHETES PLANICBP8. 

Plate il. 

In the summer of 1851, 1 had occasion to spend a day at the 
Albion mioes ; and on arriving at the railway station in the after- 
noon, found myself somewhat too early for the train. By way of 
improving the time thus left on my hands, I betook myself to the 
examination of a large pile of rubbish, consisting of shale and iron- 
stone from one of the pits, and in which I had previously found 
scales and teeth of fishes. In the blocks of hard carbonaceous 
shale and earthy coal, of which the pile chiefly consisted, 
scales, teeth and coprolites often appeared on the weathered ends 
and surfaces as whitish spots. In looking for these, I observed one 
of much greater size than usual, on the edge of a block, and on 
splitting it open, found a large flattened skull, the cranial bones of 
which remained entire on one side of the mass, while the palate 
and teeth, in a more or less fragmentary state, came away with 
the other half. Carefully trimming the larger specimen, and 
gathering all the smaller fragments, I packed them up as safely 
as possible, and returned from my little excursion much richeic 
than I had hoped. 

The specimen, on further examination, proved somewhat puz- 
zHng. I supposed it to be, most probably, the head of a large 
ganoid fish ; but it seemed diflerent from any thing of this kind 
with which I could compare it ; and at a distance from compara- 
tive anatomists, aifd without sufficient means of determination, I 
dared not refer it to anything higher in the animal scale. Hop- 
ing for further light, I packed it up with some other specimens, 
and sent it to the Secretary of the Geological Society of London, 
with an explanatory note as to its geological position, and request- 
ing that it might be submitted to some competent osteologist for 
examination. For a year or two however, it remained as quietly 
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in the Society's collection as if in its original bed in the coal mine, 
until attention having been attracted to such remains by the dis- 
coveries made by Sir Charles Lyell and myself in 1852, at the South 
Joggins, and published in 1853,* the Secretary or President of the 
Society re-discovered the specimen, and handed it to Prof, Owen, 
by whom it was described in Dec, 1853,f under the name of 
Baphetes plantceps, which may be interpreted the '* flat-headed- 
diving animal," in allusion to the flatness of the creature's skull, 
and the possibility that it may have been in the habit of diving. 

The parts preserved in my specimen are the bones of the an- 
terior and upper part of the skull in one fragment, and the teeth 
and palatal bones in others. With respect to the former, Prof. 
Owen recognizes in it the prem axillary (p.) (Fig. 1) and maxillary 
bones, (m,) both presenting traces of the sockets of teeth, which 
appear to be in a single series ; but other fragments show that in 
part at least, they were in double series. The central portion of the 
skull and part of the orbits are made up of the nasals, (n.) the 
frontal (fr.) and the prefrontal (pf.) in a manner characteristic 
of the Labyrinthodont reptiles, and not of fishes. The upper sur- 
face of the bone, seen in some detached fragments, as in Fig. 4, has 
a pitted surface, like that of the stone of a peach, as is the case 
also in the Labyrinthodonts. In sections under the microscope, 
the bone shows -vascular canals and small rounded bone-cells, a 
structure observed in Lahyrintliodonj and in some of the larger 
Saurians (Figs. 2 and 8). The teeth are conical, and somewhat 
curved, the outer series from a line to two lines in diameter, and 
the inner series three lines or more (Figs. 3 and 6). They are 
implanted in shallow sockets in the maxillary and premaxillary 
bones, and are anchylosed to the sockets. For the lower third, the 
outer surface presents shallow vertical grooves, conformably with 
the plicated character of the internal structure (Figs. 3, 7, and 10). 
The upper portion is smooth, and its internal structure presents 

* Journal of Geological Society of London, vol. is;. 

t Journal of Geological Society, vol. z ; and additional notes, vol. xi. 
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merely radiating tubes of ivory, and concentric layers, (Kgs. S^ 
6, and 9). The whole of these characters are regarded as allying 
the animal with the great crocodilian frogs of the Trias of Europe, 
first known as CheirotherianSj owing to the remarkable hand-like 
impressions of their feet, and afterwards as LahyrinthodontSj from 
the beautifnlly complicated convolutions of the ivory of their teeth. 

The only additional remains attributable to this creature, found 
since the publication of Professor Owen's* description, are the 
bone represented in Fig, 12, and the scute or scale represented 
in fig. 11. The former may be a scapular or sternal bone, and, 
if so, would warrant the belief that the creature possessed anterior 
limbs of considerable size ; the proportion relatively to the skull 
being much the same as in the American bullfrog. The latter is 
marked in the same way as the bones of the head, and would 
indicate that BapheteB was protected by bony dermal scales, re- 
sembling those of the crocodile. 

There is one point illustrated by the bone represented in Fig. 
12, to which I would earnestly invite the attention of comparative 
anatomists. It is the distortion to which bones are subjected 
when imbedded in soft deposits, especially those containing 
vegetable matter. In modem peat bogs, skulls have been found 
nearly as pliable as leather, owing to the partial removal of their 
phosphate of lime ; and in clay beds they are often found softer 
than chalk, from the removal of their animal matter. Human 
' skulls, buried under no great Weight of earth, have often been 
strangely distorted from this posthumous softening. Even teeth 
are affected in this way. In the remains of the old Indian 
village of Hochelaga, at Montreal, while the teeth of bears are 
found in the drier and more sandy soil quite perfect and unal- 
tered ; in damp places, and where they axe imbedded in organic 
matter thrown out from the cabins, they are softened, so that a 
large canine may be easily compressed between the finger and 
thumb. Changes of this kind have no doubt been experienced 
by all the bones imbedded in coal, carbonaceous shale, and similar 
deposits ; and in the great compression which the mass has ex- 
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perienced, the bones, yielding with it, have been flattened and dis- 
torted in the most remarkable manner. In the bones, in short, as 
in the plants of the coal, the flattened specimen must not be ac- 
cepted as representing the original form. The bone represented 
in Fig. 12, for example, most have been strong, and nearly cylin- 
drical in its middle portion, and much curved; but it has given 
way to pressure, and has as it were been faulted along certain 
lines, so as to lose almost entirely its original relief. The sec- 
tional view in Fig* 13, represents some of these faults, with the 
present profile of the bone, its original outline being represented 
by the dotted line. The title of the present species to the speci- 
fic name plankeps^ is also in part dependent on this cause. No 
doubt its head, like that of other batrachians, was somewhat flat, 
but this has been much increased by pressure ; in so much that 
the fragments of the specimen show that the palate is almost 
brought into contact with the roof of the skull, and that scarcely a 
quarter of an inch is lefi^ in some places for the depth of the great 
orbits. The interior of the skull must have been filled with soft 
slime, and this has been compressed into a hard stone. In like 
manner, I shall have occasion to show, in reference to other rep- 
tiles of the coal, that their bones have been much altered in form, 
so that limb bones, which, when buried in a nearly erect position, 
show broad and flat articulating surfaces, have these compressed 
into mere edges, when the specimens lie horizontally, and that hoi' 
low bones have been fractured longitudinally, and pressed almost 
perfectly flat. Anatomists may be very easily misled by such ap- 

» 

pearances, and should carefully enquire as to the possibility 
of their occurrence, before deducing inferences from the forms of 
bones. 

Of the general form and dimensions of BapheteSy the facts at 
present known, do not enable us to say much. Its formidable 
teeth and strong maxillary bones show that it must have devoured % 
animals of considerable size^ probab'y the fishes whose remains 
are found witb it, or the smaller reptiles of the coal. It must in 
short have been crocodilian, rather than frog-like, in its mode of 



rl4 AIR-BBEATHiIRS OF THE GOAL PERIOD, 

life ; but whether, like the labyrinthodoDts, it had strong limbs and 
a short body, or like the crocodiles, an elongated form and a power- 
ful natatory tail, the remains do not decide. One of the limbs, or, 
a vertebra of the tail would settle this question, but neither have 
as yet been found. That there were large animals of the laby- 
rinthodontal form in the coal period, is proved by the footprints 
discovered by Dr. King in Pennsylvania, which may have been 
produced by an animal of the type of JBaphetes. On the other 
hand that there were large swimming reptiles, seems established by 
the recent discovery of the vertebrae of Eosaurus Acddianus, at 
the Joggins, by Mr. Marsh.* The locomotion of Bapketes must 
liave been vigorous and rapid, hixt it may have been effected both 
on land and in water, and either by feet or tail, or both. 

With the nature of its habitat we are better acquainted. The 
area of the Albion Mines coal field was somewhat exceptional in 
its character. It seems to have been a bay or indentation in the 
Silurian land, separated from the remainder of the coal-field by a 
high shingle beach, now a bed of conglomerate. Owing to this 
circumstance, while in the other portions of the Nova Scotia coal- 
field, the beds of coal are thin, and alternate with sandstones and 
shales, at the Albion Mines a vast thickness of almost unmixed 
vegetable matter has been deposited, constituting the ^ main seam' 
of thirty-eight feet thick,and the *deep seam' twenty-four feet thick, 
as well as still thicker beds of highly carbonaceous shale. But, 
though the area of the Albion coal measures was thus separated, 
and preserved from marine incursions, it must have been often sub- 
merged, and probably had connection with the sea, through rivers 
or channels cutting the enclosing beach. Hence beds of earthy 
matter occur in it, containing remains of large fishes. One of the 
most important of these is that known as the " Holing stone," a 
band of black highly carbonaceous shale, coaly matter, and clay 
ironstone, occurring in the main seam, about five feet below its 
roo^ and varying in thickness from two inches to nearly two feet. 

* Silliman's Journal, 1859. 
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It was from ibis band, tbat tbe rubbisb-beap, in wbicb I found tbe 
skull of Baphetes planiceps, was derived. It is a laminated bed^ 
sometimes bard and containing mucb ironstone, in otber places 
soft and sbaly : but always black and carbonaceous, and often witb 
layers of coarse coal, tbougb witb few fossil plants retaining tbeir 
forms. It contains large round flat scales and flattened curved 
teetb, wbich I attribute to a fisb of tbe genus Ehizodus, resem- 
bling, if not identical with, H. lancifer^ Newberry. Witb these are 
double pointed shark-like teeth, and long cylindrical spines of a 
species of DiploduSj wbicb I bave named D. acinaces,\ Ther^ 
are also shells of tbe minute SpirorbiSf so common in the coal 
measures of otber parts of Nova Scotia, and abundance of frag- 
ments of coprolitic matter. I have also observed in it a few scales 
having the peculiar one-sided form of those of Arche^osaurus and 
Dendrerpeton ; and wbich I may possibly describe and figure, 
among miscellaneous indications of unknown creatures, in the end 
of this memoir. 

It is evident that tbe ^' Holing stone " indicates one of those 
periods in wbicb the Albion coal area, or a large part of it, was 
under water, probably fresb or brackish, as there are no properly 
marine shells in this, or any of tbe otber beds of tbis coal series. 
We may then imagine a large lake or lagune, loaded witb trunks 
of trees and decaying vegetable matter, having in its shallow parts, 
and along its sides, dense brakes of CalamiteSj and forests of Sigil- 
laria, Lepidodendron^ and other trees of the period, extending far 
on every side as damp pestilential swamps. In such a babitat, 
uninviting to us, but no doubt suited to Baphetes, that creature 
crawled througb swamps and tbicketsj wallowed in flats of black 
mud, or swam and dived in search of its finny prey. It was, in so 
far as we know, the monarch of these swamps, thougb there is 
evidence of tbe existence of similar creatures of tbis type quite as 
large in otber parts of the Nova Scotia coal field ; but my notice 
of tbese I defer for tbe present, in hope that additional facts may 



t Supplement to Acadian Geology, pp. 43 and 60. 
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be discovered in respect to them. K this should not be the case, 
they will be noticed among miscellaneoas remains in the sequel. 



EXPLANATION OF PLATE H. 
Baphetet planicepi. 

Fig. 1.— Skull seen from below, half natural size. 

" 2,— Portion of bone of skull magnified, to show yascular canals and 
bone-cells. 

" 3.^-One of the largest teeth, natural size. 

'' 4.— Sculpturing of skull, and margin of orbit, natural size. 

^ 6.— Fragment of maxillary bone, with four teeth of the outer series i 
and one of the inner large teeth,— the points of the teeth re- 
stored from fragments in other specimens. 

^ 6 and 7.— Sections of a tooth magnified : 6, upper part ; T, lower 
part, with convoluted dentine. 

" 8.— Section of bone in Fig. 2, more highly magnified. 

'' 9 and 10.— Sections of tooth represented in Figs. 6 and 7, natural 
size. 

'' 11.— Dermal scale found with remains of Bapketes. 

'' 12.-— Scapular or sternal bone found with remains of Baphetes, 

^ 13.— Longitudinal section of the middle of the same, shovring the 
manner in which it has been crushed. 
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Plate III. ' 

The geology of Nova Scotia is largely indebted to Sir Charles 
LyelL Though mnch had previously been done by othersf 
his personal explorations in 184^, and his paper on the gypsife- 
rous formation, published in the following year, first gave 
form and shape to some of tlie more difficult features of the geo- 
logy of the country, and brought it into relation with that of other 
parts of the world. In geological investigation, as in many other 
things, patieut plodding may accumulate large stores of fact, but 
the ma^c wand of genios is required to bring out the true value 
and significance of these stores of knowledge. It is scarcely too 
much to say that the explorations of a few weeks, and subsequent 
study of the subject by Sir Charles, with the impulse and guidance 
given to the labors of others, did as much for Nova Scotia^ as 
might have been effected by years of laborious work nnder 
less competent heads. 

Sir Charles naturally continded to take at interest in the geolo- 
gy of Nova Scotia, and to entertain a desire to explore more fully 
6ome of those magnificent coast sections which he had but hastily 
examined ; and when, in 1851, he had occasion to revisit the United 
States, he made an appointment with the writer of these pages to 

spend a few days in renewed explorations of the clifis of the South 
Joggins. Hie object specially in view was the thorough examina- 
tion of the bedJs of the true coal measures, with reference to th^ 
contained fossils, and the conditions of accumulation of the coal ; and 
the results were given to the world in a joint paper on " The re* 
mains of a reptile and a land-shell discovered in the interior of an 
erect tree in the coal measures of Nova Scotia," and in the writer's 
paper on the ^ Coal Measures of the South Joggins ;"* whUe other 
important investigations grew out of the following up of these 

* Journal of the Geological Society of London i Vols, iz and z ;, andr 

Aca^an Geology. 
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researcbes, and much matter in relation to the vegetable fossils still 
remains to be worked up. It is with the more striking fact of 
the discovery of the remains of a reptile in the coal measures that 
we have now to do. 

The South Joggins Section is, among other things, remarkable 
for the number of beds which contain remains o erect trees 
imbedded in situ: these trees are for the most part Sigill arise, 
varying in diameter from six inches to five feet. They have grown 
in underclays and wet soils, similar to those in which the coal was 
accumulated; and these having been submerged or buried by 
mud carried down by inundations, the trees, killed by the accu- 
mulations around their stems, have decayed, and their tops being 
broken off at the level of the mud or sand, the cylindrical cavi- 
ties, left open by the disappearance of the wood, and preserved in 
their form by the greater durability of the bark, have been filled 
with sand and clay. This, now hardened into stone, constitutes 
pillar-like casts of the trees, which may often be seen e;xposed in 
the cliffs, and which, as these waste away, fall upon the beach. 
The sandstones enveloping these pillared trunks of the ancient 
Sigillarisa of the coal, are laminated or bedded, and the laminae, 
when exposed, split apart with the weather, so that the trees 
themselves become split across; this being often aided by the 
arrangement of the matter within the trunks, in layers more or 
less corresponding to those without. Thus one of these fossil trees 
usually falls to the beach in a series of discs, somewhat resembling 
the grindstones which are extensively manufactured on the coast. 
The surfaces of these fragments often exhibit remains of plants 
which have been washed into the hollow trunks and have been 
imbedded there ; and in our explorations of the shore, we always 
careftilly scrutinized such specimens, both with the view of observ- 
ing whether they retained the superficial markings of Sigillarise, 
and with reference to the fossils contained in them. It was while 
examining a pile of these ^' fossil grindstones," that we were sur- 
prised by finding on one of them what seemed to be fragments of 
bone* On careful search other bones appeared, and they had the 
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aspect, not of remaiDs of fishes, of which many species are found 
fossil in these coal measures, bat rather of limb-bones of a quadru- 
ped. The fallen pieces of the tree were carefully taken up, and 
other bones disengaged, and at length a jaw with teeth made its 
appearance. We felt quite confident, from the first, that these 
bones were reptilian ; and the whole, being carefully packed and 
labelled, were taken by Sir Charles to the United States, and sub- 
mitted to Prof. J. Wyman of Cambridge ; who recognized their rep- 
tilian character, and prepared descriptive notes of the principal 
bones, which appeared to have belonged to two species. He also 
observed among the fragments an object of different character, 
apparently a shell ; which was recognized by Dr. Gould of Boston, 
and subsequently by Mr. Deshayes, as prbbably a land-snail, and 
has since been named Fwpa vetusta. 

The specimens were subsequently taken to London and re-exa* 
mined by Prof. Owen, who confirmed Wyman's inferences, added 
other characters to the description, and named the larger and 
better preserved species Dendrerpeton Acadianum^ in allusion to 
its discovery in the interior of a tree, and to its native country of 
Acadia or Nova Scotia. With the aid ot Plate HI, I shall now 
endeavour to describe this species as fully as the materials at my 
command will allow, and shall then make some remarks on its 
affinities, habitat, and mode of life. It is necessary to state in 
explanation of the fragmentary character of the remains repre- 
sented in the plate, that in the decay of the animals imbedded in 
the erect trees at the Joggins, their skeletons have become disar- 
ticulated, and the portions scattered, either by falling into the in- 
terstices of the vegetable fragments in the bottom of the hollow 
trunks, or by the water with which these may have sometimes been 
partly filled. We thus can obtain only separate bones ; and though all 
of these are no doubt present in each case, it is impossible in break- 
ing up the hard matrix to recover more than a small proportion of 
them. For this reason I have been obliged tohave recourse, not merely 
to the original specimen whose discovery is noticed above, but to 
three others subsequently obtained by me ; all however belong- 
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lag, on ihe evidence of the teeth and more important bones, to one 
epeoies, and all being nearly, though not abeolntely, of the same 
size. It is also proper to state that in the case of the original 
specimen, and another still more perfect one, both of which are now 
in London,! have been able to refer only to the published plates, and 
^ add to these from parts of two additional individuals still in 
my own collection. 

In form, DendrerpeUm Aeadianum was probably lizard- like ; 
with a broad flat head, short stout limbs and an elongated tail ; 
and having its sldn, and more particularly that of the belly, pro* 
tected by small bony plates closely overlapping each other. It 
may have attained the length of two feet The form of the head 
is not unlike that of Bofh^teM^ but longer in proportion ; and much 
resembles that of the labyrinthodont reptiles of the Trias (¥\g. 1). 
The bones of the skull are sculptured as in JSaphetes^ but in a 
smaller pattern (Figs. 8, 9). The nostrils are small, and near the 
muzzle : the orbits are circular, and separated by a space of more 
than their own diameter. In the upper jaw there is a series of con- 
ical teeth on the maxillary and intermaxillary bones (Figs. 5, 15). 
Those on the intermaxillaries are much larger than the others, 
and have the aspect of tusks or canines (Figs. 8, 18). Within this 
outer series of teeth, but imjdanted apparmtlj in the same 
bonesi there is as in ArchegoiauruM a second series of teeth, 
closely placed, or with intervals equal to the diameter of one 
tooth. These inner teeth are longer than the others, implanted 
in shallow sockets, to which they are anchylosed, and have the 
dentine plicated, except toward the point (Figs. 2, 4, 6, Y, 19). A 
third group of teeth, blunt at the points, largely hollow in the in-* 
tenor, and with the dentine quite simple, appears in detached bones, 
whidi may represent the vomer (Fig. 12). Only a part of this 
formidable armature of teeth appears in the skull represented io 
Fig. 1, as the bones of the roof of the mouth have been removed, 
adhering to the opposite side of the matrix ; but the fact of the 
occurrence of two sets of teeth was ascertained by Frof Wyman, 
from the original specimena^ and is nuiaifest in the fragment 
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represented in Fig. If; while the other teetii, supposed to be 
ipomerine, appeia in fragments which must, from their size and 
collocation, have belonged to Dendrerpeton. It will be observed 
that all these teeth araanohylosed to the bone ; and that those (^ 
the vomer are thinly walled and simple, the outer serie&on the 
maxillaries and intermaxillariea simple and flattened, while the 
inner series of teeth are conical and plicated* In the 
lower jaw there was b uniform series of conical teeth, not per- 
ceptibly enlarged toward the front; at least this is the case in the 
only specimen at present in my collection (Fig. 16); which ia 
however merely an imperfect cast in hard sandstone^ 

The scapular and sternal bonea seem to have been well devel- 
oped and strong, but only portions of them are known (Fig. 25.)t 
The fore limb of the adult animal, including the toes, must have 
been four or five inches in length, and is of massive proportiona» 
The bones were hollow, and in the ease of the phalange the bony 
walls were tlpn, so tiiat tliey are often fouAd crushed flat. The 
humerus however was a strong bone^ with thick walls and a can-* 
cellated structure toward its extremities; still even these hatve 
sometimes yielded to the great pressure to which they have been 
subjected, ilg. 26 shows the humerus of the original specim^i 
of the species, and Fig. 10 exhibits a series of sections of a similar 
bone, probably the humerus of a smaller individual. The cavity 
of the interior of the Umb-bones is usually filled with calcHspar 
stained with organio matter, but showing no structure ; and the 
inner side of the bony wall is smooth, witiiout^ any incUoation of 
cartilaginous; matter lining it. 

Thse vertebne, in the external aspect of their bodiesi reminjd onA 
of those of fishes, expanding toward the extremities, and being 
deeply hollowed by conical cavities which appear even to meet in 
the centrcb There is however a large aad flattened neural spinew 
The vertebra are usually mudli crashed, and it iaahnoot impofr^ 
sible to dis^igage theim&om the atones Mgi 21 exhibits the usual 
f6rm, and Fig. 22 another; which, in its long neural and hsemal 
spines, reminds ue (tf thi^.oandal vertdM!»< (tf .those ba4tacbians and 
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reptiles which have tails flattened for swimming, and probably in- 
dicates that this was the case with Dendrerpetan, Fig. 23 is a 
transverse sectioo of a somewhat crushed vertebra, showing its os- 
sified centrum and neural spine, and also the microscopic struc- 
ture of the bone. The ribs are long and carved, with an expanded 
head, near to which they are solid, but become hollow toward the 
middle ; and the distal extremities are flattened and thin walled. 
The posterior limb seems to have been not larger than the ante- 
rior, perhaps smaller. The bones represented in Fig. 27, which I 
refer to this member, probably belonged to a somewhat smaller 
individual than that to which the humerus in Fig. 26 belonged. 
The tibia is much flattened at the extremity, as in some labyrin- 
thodonts, and the foot must have been broad, and probably suited for 
swimming or walking on soft mud, or both. That the hind limb 
was adapted for walking is shown, not merely by the form of the 
bones, but also by that of the pelvis, the best preserved specimen 
of which is represented in Fig. 28 ; but an iliac bone of still larger 
size is figured in the Journal of the Geological Society, Vol. IX. 

The external scales are thin, oblique-rhomboidal or eloogated- 
oval, marked with slight concentric lines, but otherwise smooth, 
and having a thickened ridge or margin ; in which they resemble 
those of ArchegosauruSy and also those of Fholidogasterpisciformig^ 
recently described by Huxley from the Edinburgh coal-field, — an 
ainimal which indeed appears in most respects to have a close affi- 
nity with Dendrerpetan. The microscopic structure of the scales 
is quite similar to that of the other bones, and different from that 
of the scales of ganoid fishes, the shape of the cells being batra- 
chian as in Fig. 11. Figs. 18 and 19 exhibit different forms of 
the scales. 

With respect to the affinities of the creature, I think it is ob- 
vious that it presents some points of resemblance, on the one 
hand to ArehegosauruSj and on the other, to Labyrinthodon ; and 
that it has the same singular mixture of ichthyic, batrachian, and 
reptilian characters which disting;uish these ancient animals, and 
which give them the appearaiuMi^^ prototypes of the reptilian 
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class. Professor Owen regards Arehegosaurus as the type of the 
order QanocephaUij which he characterizes as having the head 
protected by sculptured and polished ganoid plates, no occipital con- 
dyles, teeth with conver^ng folds of cement at their basal half, the 
notochord persistent, the ribs short and straight, the limbs natato-^ 
ry and small ; and holds that DeridrerpeUm approaches more nearly 
to this order than to the Lahyrinthodonts, But at the time when 
this opinion was expressed, he was not fully aware of the develop* 
ment of the limbs and ribs, and of the ossified condition of the 
vertebrae ; characters which, with the form of the skull, the ar- 
rangement of the teeth, and the probable possession of occipital 
condyles, appear to determine the scale in favour of the Lahyrin- 
tJiodonts, At the same time it must be admitted that Dendrerpe- 
ton is fEir removed from the typical genus Labyrinthodonj and 
that in the characters in which it differs, it leans toward Arehe" 
gosaurus; closely resembling in thisits contemporary Fholidogaster 
pisd/ormis already referred to. 

This ancient inhabitant of the coal swamps of Nova Scotia, 
was, in short, as we often find to be the ease with the earliest 
forms of life, the possessor of powers and structures not usually, 
in the modem world, combined in a single species. It was cer- 
tainly not a fish, yet its bony scales, and the form of its vertebra, 
and of its teeth, might, in the absence of other evidence, causa it to 
be mistaken for one. We call it a batrachian, yet its dentition, the 
sculpturing of the bones of its skull, which were certainly no more 
external plates than the similar bones of a crocodile, its ribs, and 
the structure of its limbs, remind us of the higher reptiles ; and 
we do not know that it ever possessed gills, or passed through a 
larval or fish-like condition. Still, in a great many important char- 
acters, its structures are undoubtedly batrachian. It stands, in 
short, in the same position with the Lepidodendra and SigillaricB 
under whose shade it crept, which though placed by palseo-botn- 
nists in alliance with certain modem groups of plants, manifestly 
differed from these in many of their characters, and occupied a dif- 
ferent position in nature. In the coal period, the distincUons <^ 
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physieal and vital conditions were not well defined-— dry land 
and water, terrestrial and aqnatic plants and animals, and lower 
and Itigher forms of animal and vegetable life, are consequently 
not easily separated from each otJier. This is no donbt a state of 
things diaracteristic of the earlier stages of the earth's history, 
yet not necessarily so ; for there are some reasons, derived from fos- 
sil plants, for believing that in the preceding Devonian period 
there was less of this, and consequently that there may then have 
been a higher and more varied animal life than in the coal period.^ 
Even in the modem world ako, we still find local cases of this 
early union of dissimilar conditions. It is in the swamps of 
Africa, at one time dry, at another inundated, that soch interme- 
diate forms as Leptdonren occur, to baffle the classificatory pow- 
ers of naturalists ; and it is in the stagnant unaerated waters, half 
swamp, half lake or river, and unfit for ordinary fishes, that the 
semi-reptilian Amia and Lepidosteus still keep up the characters 
of their paleozoic predecessors. 

The dentition o( JDendrerpeton shows it to have been carnivo- 
rous in a high degree. It may have captured fishes and smaller 
reptiles, either on land or in water, and very probably fed on 
dead carcases as well. I^ as seems likely, the footprints referred 
to in a previous section belong to Dendrerpeton^ it must have fire- 
qiiented the shores, either in search of garbage, or on its way to 
and from the waters. The occurrence of its remains in the 
stumpsof Sagillaria, with land-snaHs and millipedes, shows also 
that it crept in the shade of the woods in search of fbod ; and 
under the head of coprolitie matter, in a subsequent section, I 
shall show that remttna of excrementitioDS substances, probably 
of this qpecie% contain fragments attributaUe to smaRer reptiles, 
and other animals of the land. 

* An the bones of DmidrerpeUm hitherto found, as well as those 
of the smaller reptiKan species hereafter described, have been ob- 

• See tlis author's paper on Devonian plants, Journal of tfte Geological 



AIR-BBEATHEBS OF THE COAL PEBIOD. 25 

tained from the interior of erect Sigillariffi, and all of these in one 
<^ the many beds, which, at the Joggins, contain such remains. 
The thick cellular inner bark of Sigillaria was very perishable ; 
the slender woody axis iras somewhat more durable ; but near 
the smrfjAce of the stem, in large trunks, there was a layer of elon- 
gated cells, or bast tissue, of considerable durability, and the outer 
bark was exceedingly dense and indestructible. * Hence an erect 
tree, partly imbedded in sediment, and subjected to the in-, 
fluence of the weather, became a hollow shell of bark ; in the bot- 
tom of which lay the decaying remains of the woody axis, and 
shreds of the fibrous bark. In ordinary circumstances such hol- 
low stems would be almost immediately filled with silt and sand, 
deposited in the numerous inundations and subsidences of the 
coal swamps. Where however they remained open for a consi- 
derable time, they would constitute a series of pitfalls, into which 
animals walking on the surface might be precipitated ; and being 
probably often partly covered by remains of prostrate trunks, or 
by vegetation growing around their mouths, they would be places 
of retreat and abode for land-snails and such creatures. When 
the surface was again inundated or submerged, all such animals, 
with the remains of those which had &llen into the deeper pits, 
would be imbedded in the sediment which would then fill up the 
holes. These seem to have been the precise conditions of the 
bed which has afforded all these remains. I may add that I be- 
lieve all the trees, four or five in number, which have become 
exposed in this bed since its discovery, have been ransacked for 
such remains ; and that while all have afforded some reward for 
the labour, some have been far more rich than others in their 
contents. It is also to be observed that owing to the mode of 
accumulation of the mass filling the trees, the bones are usually 
found scattered in every position, and those of different species 
intermingled ; and that being often much more friable than the 



• See a paper by the author, on the structures of coal ; Journal of 
the Qeological Society^ YoL xv ,* also supplement to Acadian Geology. 



23 AIBrBWtATffffBe Off THS OOAL l^mUdB. 

laatriz, BMieh <laboav k reqmrad for tlMir de^v^dopmeiit; while 
after all kaa been dcMU^ the resull i&a eoogeries of fragme&ts like^ 
that presented bjPkteilL The two BpecimeiiB which dnplayed th» 
iMTgest namb^ of boaes in joiztapo«tion, ape one of Ihend^ierpet^m 
AeacUamim, and one of ffykmomns Lyelli^ both presented by nae to 
the geoli^cal Society of London^ aad nowr lA its colleefeion ; bvt of 
idiioh I shall encteayonr to obtain aoeoralie repveseatatlonB for 
this m^nolr* 

hkr order morefidiy to Hhistrate the moAe of oeoorenoe of these 
remaiBS, I qoote the foUowiag notice of my Insl explorations' in 
the bed containing them, ftiom the Journal of tiie Geological So- 
ciety of London^ for 1861 : 

^ In the bed which has hitherto akme affi>rded veplslite re^ 
nnnnain its erect trees, two additional examples of these were 
exposed. One was on^ the beach, and in part removed by the sea. 
The other was in the cliff, bat so for (Hsengaged that a miner 
succeeded in bringing it down for me. ^ the font, compara#vely 
little was fowndv it afforded only a few shells of Pupa vetMia^ 
and scattered bones of a folKgrown in<fiyidual of Dendii^arpeiow 
Aeadianum. 

'^The second trse was more richly stored ; and^ being ita^«l^, 
w«B very instructive as to the modfe of occurence of ^ remains, 
LSse all the other trees in which reptiKan bones have been fovnd^ 
it ^rang immedBatefy foom^ the surfoce of tbe six-inch eeal iti 
(honp XV. of my section*'; whteh h also ODal' Kc 15 of Shr W. 
El LoganVsectionf . Its diameter at the base was two ftet^ and te 
height six feel^ abofe wMch^ howevei^ an appeamnee<of addftionat^ 
height wan given .by the usuat fenn^Hshi^d rinking of the over*^ 
lying beds toward the cavity of the trunk. The baark is well^ pi^ 
served h, Khe state of biluminouB eoaK| and presents extenally a^ 
longitndnaUy wrinkled sur&oe, without ribe or leo^sean; but 
wMiin, on the ^ligneoua^ sinrfoee^ or that ofthe inner baik, the«» 

•^Quttft. Joum. aed. floe. Vol; ik. p% 69, ant VW & p. a^ 
t Reports of ^ol. Onrvey of Oaaada, 1849i 



aie broad flat ribi, and Wemwremij elongated Hears, th^ ap- 
pearasoes are pi^i8el;f tbose whidi might be expeoted oa an dd 
trunk of my Sigiihria Bmwmi ; to wliick species tjbk tree may 
iMive tery well bek)#ged4 

^ The contealB <^ ike trunk oorrei^nd with those ai others pre- 
yionely founds Al the bottom is the nsnal layer of mineral ehar*- 
ooal, GonsistSBg of the Mien wood aiid bairk of the tree itself Above 
this, aboat two feet of its height are filled with a conliiuifed mass of ve^ 
getabk fragfments, eondsting of OwdaiUB^ Le^cdev^rtm^ Uhden- 
dro»y L^Hda$trobii8j Cfahmiety Trigonoearpumf stipes and fronds 
of feros, and mineral dbavooal ^ the whole imbedded in a sandy 
paste blackened by coaly matter* In, and at the top of this mass 
occur the animal remains. The remainder of the trunk is oc- 
cupied with grey and bufif saDdstone, contaiaing a few fragments 
of plants, but no remains of animals. 

*^ Portions of six reptilian skeletons were obtained from this trunk. 
The most important of these is a large and nearly complete skele- 
ton of DendrerpeUm Aoadianum.* Another specimen found in 
this trunk is a jaw of an animal about the size of Dendrerpeton 
Acadianumy but with fewer and larger teeth.f The remaining 
skeletons were imperfect^ and belonged to a small individual of 
Dendrerpeton Aoadianum^ two of Hylonamue t^ffilliy and one of 
Hylonamva • Wymanu "The ^slocated condition of these jand 
other skeletons is probably due to the circumstance that^ when 
they were introduced, the matter filling the trunk was a loose mass 
of fragments, into the crevices of which the bones dropped, on 
decay of the soft parts. Most of the skeletons lie at the sides of 
the trunk, as if the animals had before death crept close to the 
walls of their prison* At the time when the reptiles were intro- 
duced, the hoUow trunk must have been a pit four feet in depth. 

t Qaart. Joum. Qeol. Soc. Vol. xvii.p. 52^. 
• Kow in the eollettioii 6f the Geolo^<$ld Setie^ Of Lond<m. Fig. 1, 
xepftsettts the ikuU ef this speeimeii. 
t Since naitted and dsftciibeA by 2t^ Qwea as EiUirp4iton 
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A namber of specimens of Pupavetusta K^ii Xylchius SigillaruB 
were found, but nothing throwing further light on these species* 
^' The beds on a level with the top of this erect tree are arena- 
ceous sandstones, with numerous erect Calamites. I searched the 
surfaces of these beds in vain for bones or footprints of the rep* 
tiles which must have traversed them, and which, but for the hol- 
low erect trees, would apparently have left no trace of their exis- 
tence. On a surface of similar character, sixty feet higher, and 
separated by three coals, with their accompaniments, and a very 
thick compact sandstone, I observed a series of footprints, which 
may be those o{ Dendrerpeton or HyhnomuiP 



Through the kindness of the Council of the Geological Society 
of London, the fine skeleton of Dendrerpeton Acadiahum, sent by 
me to the Society in 1861, has been returned for my inspectioa 
in the preparation of this article. 

I am now able to state, in addition to the facts already noticed 
that the large furrowed teeth of the inner series were not 
placed in the palatal bones, but on the nuudllaries and intermax- 
illariee, the outer series of smaller and simple teeth being'borne 
on the outer margin of these bones. The arrangement was thus 
somewhat similar to that in Lepido$teu$, Immediately within 
the large teeth were the vomerine series, which were very numer- 
ous and irregularly placed, but small, with the exception of a few 
in front. They extended backward in two lines along both sides 
of the palate, in this also resembling some ganoid fishes. 

In this specimen, the lower jaw, remaining in place under the 
akull, is seen to contain, especially toward the front, long fur- 
rowed teeth like those of the upper jaw, implanted in round soc- 
kets on the broad upper surface of the mandible, with others more 
simple and of smaller size. 

By carefully removing the stone, I have uncovered the occipital 
condyles, which are double and square in outline, much like those, 
of Loiyrittihodon^ and not dissimilar from those of SUboldia and 
Men/obranthui. 
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Near the skull, the scales of the throat remain in their Datoral 
position, and are seen to be densely imbricated, and arranged in 
curved rows, divergiug from the mesial line. The scales of the 
abdomen are of larger size, and are scattered over the stone. 
Those of the throat are of a narrow ovate form, those of the abdo- 
men wider, and some of them tending to rhomboidal in outline. 

Twenty-four vertebrsB, in all, are seen in the specimen. Of these 
thirteen occur in continuous series, and appear to be lumbar. 
They are of small size, relatively to the dimensions of the head 
and limbs, and indicate a weak and flexible back. Other verte- 
bra, not in regular series, are dorsal, and have strong transverse 
processes with oblique articulating sur&ces. A few are perhaps 
cervical and caudal. The bodies of the vertebrae have continuous 
bony walls, but thinner than in specimens of larger size. 

One half of the pelvis is well preseryed, and shows a broad' 
ilium, and strong ischiao and pubic bones. There are also broad 
scapular, and probably sternal bones, but crushed and imperfect 
Few of the ribs remain, and these apparently only the smaller 
ones, as compared with other skeletons of which I have portions. 

Several of the bones of the limbs remain in sufficiently good 
preservation to allow of measurement of their size. I am thus 
enabled to give the following dimensions of parts of the animal. 

Total length of skull,. 2*75 mchea. 

« breadth « at the orbits, 2 « 

Length of hnmenu, .* 1*33 inch. 

« "ulna, \.. 1 « 

«* « femur, 1 " 

«« "rib, 0*Y6 « 

" " eleven vertebrao in series, ....••• 2*25 " 

It would seem from these dimensions that the head was broad, 
and the trunk slender; the anterior limb, including the foot, 
half as long again as the head, and the posterior limb rather 
smaller or shorter than the anterior. It would thus appear that 
while the general form of the body was not nnUke that of Msno- 
Iroftdtof, the limbs were much larger, and must have carried the 



M AOHnsAmBBS car ms ooja jawaiD* 

tmnk wifliotit aUowiBg any part of it lo touch tli« grocmdy as 
would abo 8Mm to hsre been tlie «aaa fron tlie lootprints h\mi 
m the ooA^nnitioB beds, saA the size and form of the toes of 
wideh make it Hkely tluut thej Wonged to this animal 

The limb-boneB,. ihong^ thui^waUed «iid often crashed^ eri^ 
den%hadfarefld artkolatiiig sur&oes; and in the ease of the foxe- 
Mmbi partid^lj^ weve large and eftrong Uk {»o|>ortio]i to the di- 
menaiottB of the head and yertetoal colttmn. 

The large eioeef the for^-limh I suj^ese to have been related 
to a habil of waUdag or Btanding in shallow water, with the snoot 
in the akyim 4he ma&ner el nerwts^ and the more rapid movemeata 
of the Cfeatnre were piobably perfaraied bj the tail It is inter- 
eetiflig to obaenre tiuit ia ^hnomum the propoortioBs of the limba 
were reyerNdr— the hiad Iknba being Ameh larger than the fore 

From the nektivte diBMnsioiM of the bonesi at compared wiA 
ihoiB of ether specimens in my poasesttonf I presume that this m- 
dividual wee thfee*foarths grown^ and I doubt if its total length 
much eiceeded one foot* 



fiXPLAKATIOlT OF rtATBl ItL 
J^tndretyBtOH jicodiitnuM, 



Fig. L-^SknU seen ttom below. 
" 2.— Inner tooth, magnified ; from the jaw, Fig. 17. 
" 8.— ^Tooth of intermaxillary, magnified ; from the bone in Fig. 13. 
« 4.— ^rlei of inner teeth, less magnified. 
" 6.— ^ries of outer teeth of maxillfti^ bone^ Fig. 15, magnified. 
^ e, 7.— Sections of inner teeth. 

^ e««-Pertlon of bone of skull, outer suxAMe, twice the i^tnral site. 
** 9.-^upeiNtsmpeial bone, twice the aatural aiae. 
^ IQ.-42ros8 section of hnmems; (a) natural sise; (b) magnified ; (c) 

portion more highly m^piified, showing canals and bone 

cells. 

^ ^hafs toneaisd by flatteal^. 



AIlHnfflAXfflBBS Of IttB WAS TBBSBXD, tX 

Fig. 11.— Bone cells, highly magnified (after Qnekett). 
« 12.— Vomer ? with teeth ; (a) tootSt magnified. 
« 13.— Intermaxillary with teeUi 
^< li,— Section of tooth of intermajdilary ; (b) ma|^ed ; (a) portion 

highly magnified. 
« iS.-^Haiillary bone with tMth. 
•» 16.— tfand&le witii teetlk. 
^ ll.<i«Ftagm«nt of skol^ witk ^) •olir «Mtt#f ttttdttM^; (feF> ia^ 

nertMtli. 
''^ l$.^0rQ9«.«ectiQn o£a Hale,, magp < lfi ad.. 
^' 19.— QutUne&of 8(^e«|,niitBi:alQi8ff^ 
*< 20.— Scale, twicQ natural slite. 
" 21.— Vertebra. 
** 22. — Oandat Tertebra. 
<* 29.— Tertebra broken aeroBS, ihoiHttg netMil and: (e$6ntMl ^a^tfes ; 

(a) natoriit ilM^^; (b) flcfetibir of a portibs magnified, showing 

eanalaaod bona viilfi 

« 24.-^Fsagment8,eliy^A 
" 25.— Scapular bone. 

" 26.— Homemfl, cmBhed.at. the pro]dmal end, witk fitagPMni of the 

radios, 
u 2T.— Fragments of fimnr, tiMa, and fibula. 
** 29;-'^Bemahi8 ofpelris. 
^ ».— Koneftc^the Ibok 
*< dOci^MOroapof boae»of lie fool, li^ti^tii 
AU tbtt tJ^ire «Bi!«l tiii9S»«iina:aia% wtar^lbttwta iUMI. 
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y. DXKDBSBFETON OWXSTI. 

Plftte IT. 

Among tbe reptilian remains found in erect trees at tbe South 
Joggins, there have occurred several portions of skeletons, which 
from their sculptured cranial bones, plicated teeth| and the forms 
of their scales and limb-bones, I have referred to the genus Den^ 
drerpeton, but to individuals of much smaller size than the full- 
grown specimens of D, Acadianum, It did not occur to me to 
suppose that these were specifically distinct from the larger indi- 
viduals, until I observed that bones of this kind, contained in the 
collections sent by me to the Geological Society, or represented 
in the figures drawn to illustrate one of my papers, were referred 
by Professor Owen, in his notes on these specimens and figureSf 
in the Journal of the Geological Society, to the genus Hyhnomus ; 
which is quite ^istinct from DendrerpeUm^ as will be explained in 
the sequel. 

I was thus induced to re-examine all the specimens in my col- 
lection, and the result has been to establish a strong probability 
that there is in reality a second species of Dendrerpeton^ smsHlet 
than D. Acadianunij and differing from it in several points. This 
species I propose to name D. Oweni, It differs from D, Acadia- 
num in the following particulars : — (1) Its much smaller size : 
(2) Its long and hooked teeth ; PL 17, Figs. 2 to 8 ; (it will be 
seen that these teeth difier very markedly in their proportions 
and form from those of the larger species represented in PI. IQ) : 
(8) The greater plication of the ivory in the intermaxillary teeth ; 
Figs. 8, 9 ; (in D. Acadiantm these teeth are, on the outsidci 
ample almost to the base, and plicated on the inner side, while 
in this species they are plicated all around like the inner maxillary 
teeth) : (4) The form of the skull, which has the orUts larger in 
proportion, and is also shorter and broader. On the other hand, 
when we have described the species of Hfflanamutf it will be seen 
that this ammal, except in size^ differs from them quite as widely 
as does J>. Aoadiamm. 



The distinctness of D, Oweni is farther confirmed by the fact 
that I possess smaH jaw bones of DenS'erpdany about the size of 
those of this species iut kavti^ the teeth similai' ini foitti to those 
of the larger species ; these I suppose to have belonged to young 
individuals. 

On examining the figures, it will be seen that the botfes of the 
skull were corrugated as in the large Dendrerpeton, but with a 
smaller pattern. The forms of the jaw-bones also, and of the ver- 
tebrsB, ribs, scapular bone, bonea of the limbs, and bony scales, 
are very similar, and indicate that in general form this creature 
was not far remoyed from its larger relative. The bones of the 
foot, represented in Fig. 14, especially deserve attention. This is 
the most perfect foot of Dendrerpeton hitherto found ; and I have 
enlarged it in the figcure, in OTder more distinctly to show its parts* 
It presents three long toes, with traces of a smaller one at each 
side, so that there were probably five in all. If these toes be 
compared with the footprints on the slab discovered by Dr. Hard- 
ing, represented in PL I, Fig^ 2, it will be seen that they very 
closely correspond, though the toes of the present species are 
much smaller. The footprints are precisely those which we may . 
suppose an animal of the size of Dendrerp^ton Acadianum would 
have made, i^ as the bones found render in every way probable^ 
this larger species had a foot similar to that of D^ OwmL I sup- 
pose, for this reason, that these footprints are really those of Deiy* 
drerpeton Acadianvim ; and that this species eontinued to exist 
from the time of the lower coal measu^s^ to the period when 
those higher beds of the series, in which its bones are found at 
the Joggins, were deposited. 

The present species must have lived in the sasie places with 
its larger relative \ but may have differed somewhat in its habits. 
Its longer aud sharper teeth may have been better suited for de- 
vouring worms, larvae or soflrskinned fishes^ whQo these of the 
larger DendrerpeUm were better adapted ta deal with the mailed 
ganoids of the period, or with those smaller ri^tileB which were 
more or less pn^lectdd with bobjr ifthMSf wHtkm, 

E 
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YI. Remains of Seik and Horny Scalbs. 
Plate I, Fig. 6; Plate IT, FigB. 22 to 34, and Plate T, Figs. 22 to 29. 

Id one of my earliest explorations of the reptile-bearing stumps 
of the Joggins, I obserred on some of the surfaces, patches of a 
shining black substance, which on minute examination proved to 
be the remains of cuticle, with horny scales and other appendages. 
The fragments were preserved ; but I found it impossible to deter- 
mine with certainty to which of the species whose bones occur 
with them they belonged, or even to ascertain the precise relar 
tions of the several fragments to each other. I therefore merely 
mentioned them in general terms, and stated my belief that they 
may have belonged to the species of Hyhrwmw,* More recently 
other specimens have been obtained, and I have undertaken the 
detailed examination of the whole. I shall now endeavour to 
describe the principal or most continuous fragments, and after- 
ward to consider the probabilities of their having belonged to cer- 
tain of the reptiles entombed with them. I do this here, rather 
than under the titles of these several animals, on account of the 
uncertainty which still -rests on the assignment of certain portions 
of this cuticle to the species in question, and which renders it 
more convenient to consider these peculiar remains in one place, 
^ and to compare the different portions with each other. 

(1) One of my specimens is a flattened portion of cuticle 2 J 
inches in length. The greater part of the surface is smooth and 
skining to the naked eye, and under the microscope shows only 
a minute granulation. A limited portion of the upper, and I sup- 
pose, anterior part is covered with imbricated scales, which must 
have been membranous or homy, and generally have a small spot 
or pore near the outer margin, some having in addition smaller 
scales or points on their surftces, (PL IV, Figs. 22 and 25). In 
contact with the upper part of tiiis specimen there were many 
fragments of the skull of DmdtefpeUm Owenii. 
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(2) Anothe/ portion of cuticle, similarly marked, appears to 
preserve the form of the posterior part of the body and tail of the 
animal, and also a mark representing the point of attachment of 
the hind leg ; near to which, and along the dorsal ridge, is a por- 
tion of the skiD covered with much smaller scales. It is repre- 
sented in PL I, fig. 5. This was JTound in close proximity to a 
mass of bones of Dendrerpeton Oweni, mingled with sokne of J7y- 
lonomtts Lyelli, 

(3) A third and still larger surface of integunient with, similar 
markings, has upon it a number of vertebrse and detached bones 
of the small reptile Hylonomua Wymanij to be described in the 
sequel ; fbr» which species however it would be much too large a 
covenng. 

(4) Another well preserved fragment, less than two inches in 
length, exhibits very different markings. It is nearly covered 
with very small imbricated scales, thicker than those on the spe- 
cimens previously described. On either side of what seems to 
have been the middle line of the back, there is a series of pointed 
flat horny processes, which probably formed a double spinous crest: 
Without these there are tufts of strong bristles, and exteriorly to 
these last are rows of flat, thick, horny plates, transversely wrink- 
led. Near to these was a row of conical truncated tubercles, 
Sections of these appendages show them to have been horny and 
attached to the cuticle. None of them have bony structure. 
Pigs. 23, 26, 27, 28, 29, 30, PL IV, represent this portion of cu- 
ticle, with magnified views of its markings, and of the structure of 
one of the thicker scales. Fig. 26 shows a portion of the ordi- 
nary scaly skin magnified and viewed by transmitted light. Fig. 
27 exhibits a few of the bristle-like appendages from the point 
marked a in fig. 23. Fig. 28 shows four of the bluntly-conical 
points seen in a portion of skin a little beyond the margin of the 
fragment in fig. 23, but evidently belonging to it. Fig. 24 is an 
enlarged representation of one of the flat homy scales from the 

point h in fig. 23 ; and fig. 29 is a magnified section of a por- 
tion of the same st^e, showing a compact translucent brown 



ftubsUiBee with Kmad caoak| And near the margin, it porti<m much 
more abundantly supplied with ttieae ai^ar^tly vascular canakf 
while without this part there is a thin layer of more dense mate- 
ria Fig. SO shows a portioQ of the surface <^ fig. 28, more 
highly magnified, and displaying at a ordinary scales, at ( 
homy pointed oigims, at c bristly appendices, and at 4 larga 
plates. The whole of these part^ tiiough displaced by the flat* 
tening and wrinkling of the skin, are in good preservation, and 
show their eharactera ia great perfection und^ the microscope. 
They ure aU Uack and shining as if carved in jet« 

(5) Near this last portion of cuticle, and possibly belonging to 
i% are pointed and probably membranous appendages^ marked on 
each side with rows of scales not overlapping, and eadi with a 
pore in its centre. The noanner in which these appendagee are 
bent and wrinUed, shows that they must have been soft, except at 
the* tips, which seem to have be^ hard and homy, and they are 
arranged in series, as if originally placed along the sides of the 
neck or abdon^o, or both. These appendages are represented 
in PI. lY, figs. 31 and 32* A magnified representation of the 
point of one of Ihem is given in fig. 33, and a snudl portion, stiU 
nu>re highly magnified, in fig. 34» The use of these appendages 
it is not easy to conjecture. They remind us of the gular pouchea 
of iguana, and of the lateral expanaions of some geckos and of tha 
Draco volant. Possibly they formed lateral parachutes, aiding 
the animal in moving over soft mud, or perhaps in leaping or 
swimming* 

(0) Some other fragment appear to have beloiiged to a diffe* 
rent species from either of the foregoing, and are re{Mres6nted in 
PL y. The best preserved specimen (Fig. 22), which is about 
one inch in length and half an inch in breadth, is covered with 
very small imbricated scales. It is crossed by six or seven obscure 
ridges, whio^ both at the bottom and along a mesial line, pro- 
jected into points covered with larger scales. A row of larger 
scales with round pores, connects these along the lower side (Figs« 
23 and 24.) I^ aAseema probably tbia fragme»tb«loiig«l to tba 



Am^BSSATSlAB W JSB OOAXi PBSIOP. $T 



side of tke trunk (n: tail, it would perbaps indlcAte a dimon of 
ibe sub-cutaneous rausoles into an upper and lowear band, as in tbi» 
newta. A s^arate fragment, witb transvefse homy ridges (Figs. 
26 and 27), and anotber witb a longer lobe similar in straotare to 
tbose above mentioned (Figs. 28 and 29), may perhaps be re- 
ferred to the same animaL A larger patch of skin presents simi- 
lar imbricated seales, bat without a m^ai^il Una, and with an edg- 
ing of lai^er eoales (Fig. 25}» 

Six i^^ies of reptiles have left their bones in the repositories 
containing these remnants of cuticle. Of these, DendrerpeUm Aeo" 
dianum was an animal of too great size to have been clothed 
with integument of this charaoter and of such dimensions. Syla^ 
namM cuAedentatuHf described in Section Vm, and JEfylerpeUm 
Dav)9fm\ Section X, are each represented by only a single speci- 
men, and these did not occur in proximity to any of the pordons 
of cuticle, ^c^t that the appendages in Fl. IV, fig. 82, were 
found near a specimen of the firmer. Of the three r^aaining 
species, Defsdrerp^fm Oweni^ from its size, the ninnber of speci- 
mens fouikd, and the juxtaposition of their bones to the fragments 
of cuticle^ appears to have the best claim to the integument m^ 
eluded under Noe. 1, 2, and 3 ; imd in tbas ease, while the crea- 
ture had its throaty and perhaps its abdomen^anned'with bony 
scales, its upper parts and tail, as well as its limbs, had a uniform 
covering of small thin imbricated horny scales, in the manner of 
many modem reptiles. 

K the remaining portions of integument, Nos. 4 and 5, as would 
seem likely, belonged to two species, both of smaller dimensions, 
there would seem little reason to doubt that these were Hylim$» 
mu8 Lydli (Section VU) and M, Wynumi (Section IX). In 
this case, both of these spedes must have possessed a highly Or- 
nate covering of homy scales and appendages, comparable with 
that of any of the modem lizards, while there seems good reason 
to believe, as stated in a previous paper, that they were in part 
protected by bony scales somewhat like those of DemkdreirpeUmm 
These points, however, we shall consider more ia detail under 
the sections which refer to the species of Hyl(yaamuu 
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A 

Before leaving these ourions speciinens of ancient skin, the most 
ancient I suppose known to exist, it is of interest to observe that 
the thicker portions, when broken across, have the aspect of jet, 
or of pure shining coal, and that thin slices, under the microscope, 
have the same rich brown colour with that material, though rather 
more translucent.. When burned, fragments of the substance 
give a strong flame, and ajbituminous and ammoniacal odour. We 
have thus an example of the production of coal from animal mem- 
brane, no doubt gelatinous and hotny in the first instance, but 
which has proved itself capable of the same chemical changes 
that have been experienced by the vegetable matter buried with 
it. In order that this substance should be preserved in this way, 
it would be necessary that it should either be kept dry and hard, 
or that it should be immediately buried in matter impervious to 
air, and kept moist. The latter conditions are the more probable. 
The preservative qualities of the peaty vegetable matter imbedded 
with it must also be considered ; and it is possible that these hol- 
low stumps partly filled with fragments of Sigillaria bark, may 
have formed natural tan-pits, in which animal membranes would 
be preserved in a manner impossible in ordinary sediments. If 
this were the case, we may yet find an entire reptile, preserved 
as a flattened mummy, in one of these strange repositories. 



Explanation of Plate IY. 

DendrerpeUm Owmi, and Dermal Ajppendages. 

Fig. 1.— SknU. 

« 2.— Portion of mandible. 

« 8.— Maxillary bone, with oater teeth. 

<' . 4.— -Teeth of same enlarged. 

" 6.— Maxillary bone, with inner teeth. 

'< e.^Tooth of same enlarged. 

" 7^— Intermaxillary. 

" 8.— Tooth of same enlarged. 

'< 8.— Section of same enlarged. 
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Fig. 10 and 11.-— Yertebno. 

<• 12.~PortionofpelTi8. 

« IS.—Fragments of ribti. 

" 14.— Bones of foot enlarged, (a) natural sice. 

" IS.-^Scapnlar bone. 

*< 16.— Hnmems. 

« IT.— Bones of hind leg. 

" 18 and 19.— Sculptoring of cranial bones, enlarged. 

" 20.^Bon7 scale. ^ 

" 21.— Socket of inner tooth enlarged. 

" 22 and 25.— Integmnent of Dendrerpeton Owinif with imbricated 
scales. 

«( 23.— ^Integmnent of ffylonomui Lyelli, 

« 24, 26, 27, 28, 30.— Scales and appendages of the same enlarged. 

<< 29.— Section of scale represented in Fig. 24. 

" 31.^Angalar pendants or processes of H. LyeUi. 

- « 32,^^119 samn of H, acUdentatut, 

« 33 and 34.— Portions of the same enlarged. 
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Vn. Htlokomus Ltxxxi. 

Plate y. 

In the original i^ptiliferoud tree,di8CoyeMd by Sir C. Lyell and die 
writer, at the Joggins, in 1851 , there were;, beside the bones of Deim 
drerp^ton Acadianvm^Bome small elongated vertebrse, evidently of a 
different species. These were first detected by TroL Wymaa, in 
liis examination of these specimeiisi and were figured, but not named, 
{b the BOtiM of the specimen in the Journal of the Geological 
Society, Vol. EL In a subsequent visit to the Joggins, I obtained 
fi*om another erect stump many additional remains of liiese smaller 
reptiles, and, on careful comparison of the specimens, was induced 
to refer them to three species, all apparently generically allied. 
I proposed foi; them the generic name HyloHomus^ ^ forest-dweller.** 
They were described in the proceedings of the Geological Society 
for 1859, with illustrations of the teeth and other characteristio 
parts.^ The smaller species first described I named H, Wymcmi ; 
the next in size, that to which this article refers, and which was 
represented by a larger number of specimens, I adopted as the 
type of the genus, and dedicated to Sir Charles Lyell. The 
third and largest, represented only by a few fragments of a single 

skeleton, was named H. adedentatus. • 

» 

HyhnomuM Lyelli was an animal of small size. Its skull is about 
an inch in length, and its whole body, even if, as was likely, fur- 
nished with a tail, could not have been more than six or seven 
inches long. No complete example of its skull has been found. 
The bones appear to have been thin and easily separable ; and 
even when they remain together, are so much crushed as to render 
the shape of the skull not easily discernible. They are smooth on 
the outer sur&ce to the naked eye ; and under a lens show only 
delicate uneven stri® and minute dots. They are more dense and 
hard than those of Dendrerpetonj and the bone-cells are more 
elongated in form* The bones of the snout would seem to have been 

• Jonmal of Geological Sodety, ToL ZYI. 
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Bomewliat elongated and narrow. A Bpecimen in my possessioa 
shows the parietal and occipital bones, or the greater part 
of them, united and retaining their form. We learn from them 
that the brain-case was rounded, and that there was a parietal 
foramen. There would seem also to have been two occipital 
condyles ; (see plate V, fig. 8.). Several well preserved specimens 
of the maxillary and mandibular bones have been obtained. They 
are smooth, or nearly so, like those of the skull, and are furnished 
with numerous sharp, conical, teeth, anchylosed to the jaw, in a 
partial groove formed by the outer ridge of the bone. In the an- 
terior part of the lower jaw there is a group of teeth larger than 
the others. The intermaxillary bone has not been observed. 
(Figs. 1, 2, 8, 4, 5, 6.) The total number of teeth in each ramus 
of the lower jaw was about forty, and the number in each max- 
illary bone about thirty. The teeth are perfectly simple, hollow 
within,* and with very fine radiating tubed of ivory. (Fig. 7, a and 
b,) The vertebrsB have the bodies cylindrical or hour-glass 
shaped, covered with a thin, hard, bony plate, and having within 
a cavity of the form of two cones, attached by the apices. This 
cavity ^was completely surrounded by bone, as it is filled with 
stained calc-epar in the same manner as the cavities of the limb 
bones. It was probably occupied by cartilage. The vertebrae were 
apparently bi-concave. The neural spines are short and broad, with 
zygapophyses, and are not separable from the bodies, the 
neural arches being perfectly anchylosed to the bodies of the ver- 
tebrae. There are, on the dorsal vertebrae, strong diapophy ses or lateral 
spines, to which the ribs were articulated. (Figs. 15, 16, 17.) The 
ribs are long, curved, and at the proximal end have a shoulder and 
neck. (Figs. 1, 10, 18.) They are hollow, with thin hard 
bony walls. The anterior limb, judging from the fragments pro- 
cured, seems to have been slender, with long toes, four or possibly 
five in number. A humerus is seen in fig. 1, and bones of the 
toes magnified in fig. 11. The posterior linib was longer and 
stronger, and attached to a pelvis so large and broad as to give the 
impression that the creature enlarged considerably in size toward 

F 
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tbd postoripr eztreinity of the body, aod ihat U ma J bare been in &• 
habit of sitting evecl. The ibij^ bone is well fome^, with a die* 
tinct head and trodiantev, and the lower e^tremitj flattened and 
moulded ipto two articDlating surfaoee for the tibia and fibula, the 
fragments of which show that they were much shorter. The toea 
of the bind feet ha^e been seen on)y in detached joints* They 
s^em to bare been thicker than those of the fore foot. Detached 
Tertebres, which seem to be oaudid, haye been found, but the 
length of the tail is onknown. The limb bpnes are usually some- 
what crushed and flattened, especially at their articnlar extremitiea, 
and this seems to haye 1^ to the error of supposing that thn 
flattened form was their normal condition ; there can be no doubt, 
howcTer, that it ia merely an effect of pressure. The limb bonea 
present in cross seetion a wall of dense bone with elopgated bone- 
cells, surrounding a cavity now filled with brown oalc-spar, mid 
originally occupied with cartila^ or marrow. (Figs. 13, 13, 14.) 
Nothing is more remarkable in the skdeton of this creature than 
the contrast between the perfect and beautiful forms of its bones, 
and their imperfectly ossified condition, a circumstance which 
raises the question whether these specimens pay not represent the 
young of some reptile of larger sice. 

The dermal coFcring of this animal is represented in part by oral 
bony scales, which are so constantly associated with its bones fhal 
I can have no doubt that they belonged to it, being, periiape, the 
clothing of its lower or abdominal parts ; while above,it was probably 
dad in the beautifol scaly covering described fai the last sec- 
tion. The bony scales are represented magnified in Rate V. igB. 
Id. 30, and 21. It wffl be seen that they di£forin form fit>m those 
iji DmdnrpeUm ; they are afao much Uudeer. On the iimfr ride 
they lure concave, with a cuned Mgeor tUdiened border at om 
edge. On the enter side Aey preset cencentrfe lines ofgrowth. 

The ody specisietts which aford much inf(Nrmatk» as to the 
genenl fceim oi MyikmmmiB Lifdfi are those repreaented in Flale 
y,^laBdO. Theintiithe origipal spesiaen, flmn whidi 
I deaorihed the speeiea in the ppiper afaready referred to^ Th# 



iMHesy being sn^ and e( dark boloiir, are not yeirj coiuipi<Nibii% 
«nd many pf Ok^m are broken^ bat many at^ beMtifiilly perfect ; 
and even ihoM wbick lire remoted have left very distinct mbnldli 
M their form in the fine-grained matrix. In the fignre I have 
carefnlly traced their outlines in their natural position, with the ez*> 
eeplioik <tf the maxillary bon» and mandible, which are reiii6ved 
from their plaoe in the matrix, to bring the whole into a more eom*- 
paet form. The specimen also shows, in addition to the bones 
delineated, many fragments of the skull and scapular bones^ crashed 
in such a manner that their forme oannot be distinguished. The 
specimen shows remains of thirty vertebrae, of Which four appear 
to belong to the neck, and the rest are prdbably nearly ail dorsal 
and lumbar. Three of the most perfect are represented enlarged, 
in figs. 16 and 16. Of about tweiity ribs, niore or less complete 
fragments remain. The fore limb is represented only by the im- 
pression of a humerus^ (e)) but other bones which may have 
belonged to it are scattered elsewhere on the stone. The pelvis, (i) 
]g nearly entire, though crashed and flattened. One thigh bone 
remains tolerably perfect, and beside it lie the tibia and a part of 
the fibula, with several bones of the foot. The dimensions of these 
parts are as follows :— ^ 

Length o^ mai^lary 0.7 inch. 

•« msamble... 0.7 «* 

<< kmgeBtril^(€b^).. ^.••. 0.6 " 

** famiienM.............; 0.5 « 

Length of femur. •••... •..•.•...•••••«••••• 0.7 ineh. 

" til>U 0.46 « 

'< principal bone of pelvis 0.7 " 

The other spedmen d[>ove referred to, (Fig. 9.) dkowsiher bones 
of the trunk, and part of those of the hind and fore limb of asmall 
individual, neaiiy in their natund positsoik Th» specimeii I have 
veryieeentlyobtahiedjinbreakiBgO^ amassof matrix in whicli 
I did not aospect its existenee. It shows the humertis and radiua 
imd ulna in a tolerablier stale of preservaticMS^ witibi a fragment of 
the sciqpuhu id)6at thnteen dorsal and lumbiar vertebral eaa be 
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made oat, nearly in their natural position ; and there are remains 
of five of the ribs. The hind limb is represented by fragments of 
the femur, tibia, and fibula. I believe that the maxillary repre- 
sented in fig. 3, though now in a detached piece of stone^ belonged 
to this skeleton. 

While referring to these, my most perfect specimens, I think it 
proper to quote my original description of the species, based on 
the first of them, and published in 1859 ; as the subject has since 
been unfortunately obscured by inaccurate descriptions, consequent 
on the mixture of specimens and drawings, sent by me to London 
for further .examination. I quote /rom the journal of the Geolo- 
gical Society, Vol. XVL 

" Htlonomus, gen. nov." 

^ The other reptilian remains represent three species belonging 
to a generic form, which, so far as I am aware, has not been pre- 
viously observed, and for which, in allusion to its forest habitat, I 
propose the above name. As its typical species I shall describe 
that which I would name Hylonomus Lyellu Its cranial bones 
are thin and smooth ; the condyle I have not been able to observe, 
but there is a parietal foramen, and the parietal bones are arched 
in such a manner as to indicate a rounded rather than flattened 
skull, and a somewhat capacious brain-case. Its teeth are nume- 
rous (about twenty-six in each maxillary bone), elongated, conical, 
closely set in a single series, in* a furrow, protected externally by 
an elevated alveolar ridge. In the intermaxillaries and extremities 
of the mandibles the teeth are larger than elsewhere. Fig. 14, 
(Fig. 5, Plate V • of this paper) represents a portion of the teeth of 
the maxillary bone as exposed by the fracture of the outer ridge. 
The vertebrss are imperfectly preserved, but appear to have been 
ossified, bi-concave, and with well-developed spinous processes. The 
ribs are long and curved ; and there are traces of nnmeroos acces- 
sory pieces which have been attached to their extremities. The 
pelvis is of large size and remarkable form ; the ilium long and 
expanded below ; the ischium. greatly expanded; the pubis ex* 
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panded and triangular where it joins the ischium, and round and 
arched toward the symphysis. The femur is thick and neyly 
straight, the tibia short and stout, the fibula slender, the phalan- 
ges broad. The hind limb thu^ largely developed must have been 
capable of supporting the whole weight of the body in standing or 
leaping. The anterior extremities appear to have been compara- 
tively slender, with thin and long fingers. A few scattered verte- 
br» lying posteriorly to the pelvis, may perhaps be remains of a 
tail. There was a dermal covering of small ovate bony scales, of 
which, however, only a few scattered specimens remain. This 
species is evidently quite remote from the ganocephaloua and laby- 
rinthodont types of batrachians, and in many respects approaches 
to lacertians. It may perhaps be allied to the TeUrpeton of Elgin, 
but does not appear to resemble any reptile hitherto found in the 
ooal-formation." 

It is evident, from the remains thus described, that we have in 
JSyUmomua Lyelli an animal of lacertian form, with large and 
stout hind limbs, and somewhat smaller fore limbs, capable of walk- 
ing and running on land ; and though its vertebrae were imperfectly 
ossified externally, yet the outer walls were sufSciently strong, and 
their articulation sufSciently firm, to have enabled the creature to 
erect itself on its hind limbs, or to leap. They were certainly pro- 
portionally larger and much more firmly knit than those of Den- 
drerpeton. Further, the ribs were long and much curved, and im- 
ply a respiration of a higher character than that of modem 
batrachians, and consequently a more highly vitalized muscular 
system. If to these structural points we add the somewhat rounded 
skull, indicating a large brain, we have before us a creature which, 
however puzzling in its affinities when anatomically considered, is 
clearly not to be ranked as low in the scale of creation as modem 
tailed batrachians, or even as the frogs and toads. We must add 
to tbese also, as important points of difference, the bony scales 
with which it was armed below, and the ornate apparatus of homy 
appendages, with which it was clad above. These last, as described 
in the. last, section , and illustrated in Plate 17., shew that this little 
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linimd was hot a sqnaUd, aUtiy d#efler id rnudi like MehohHineku$ 
«i4 its allies^ biit ratbtr a beautiful and iprightiy tanaDt 6f tha 
ooid-fermation thickett| rfing in briHiaem^y and perbaps in ook>itr> 
tgj witb ibe hB^^ Irbicb it poTBued and devonred. Rtotains of 
m many tA elgbt oil ten individaals bire been obtained from tbree 
eiPeict rif^\]Briniy indicadng that tbeao oteatnres were quite abon^ 
dant, aft well aaaetite and terrestrial in iheii^ mode of Hfe« 

Witb respect ta tbe affinities of this specres, I think it is ab«B^ 
dantly* manifest that it presents no olose relationriiip witii any repb 
tile hitherto dhscofeted in th^ Carboniferoussyfttem. Tbe only in* 
dications of wbiob I am aware of animals of this age, likely to be 
of eimilar type, are certain ye^bras discoTered by Mr. Wheatley 
and Dr Newberry, in the c6al formation of Ohio, dnd de8oribed|) 
bM not Bamed^ by P>o£ Wyman, in Siiliman'a Journal, V oL XXV f 
in connection with the singular bratrachian named by him Btmi* 
teps LydH ; which, in its broad frog^like head and want of 
ribs, differi ilialerially from &e creature now undw ezaminatioi^. 
It is scaroely neoessary to say that the diaraeters above described^ 
and illnstrated by the fignres in Plate V, enflarely remove this any- 
nlal from ArchegoiaHriu and X«iyriiiMmft>ii, as well as from all 
the otber oreatn#es assooiitod with them in the olxlers ffanuh 
e^Aalof and LaftyrtnffcMfentui^f Owen. Equal difficulties attend 
the attempt Co plilee it im any otber groiip of reei^nt or ei* 
tin(^batradhians or proper reptileik The structures'of the skull*, and 
of soihe points id the i^ertebi»^ certainly resemble diose of batin* 
chiaiis; but on tbe ott^r hand, tha weU-developed rtb% evident^ 
adapted to eidaine the cheat iniei^rationi the broad pelvis, and 
the cutaneous ooveiing^ are unexampled in modem batradliian«p: 
and assimilate A4 oreature to the true liiuurds. I hx^ ahreadyi in^ 
my original desoriptido sA>ove quoted^ «[pieteed my belief that 
Sj^lowmnu ittay hdve hitid laoertiaii affinities, but I do not didsire^ 
to Bpedc positively in tiiis matter; and shidl oontent myself irith 
statii^ the following alternatives as to die probable relations of 
these animidsk (l)Tfaey msy ha^e been true reptiles of lo# typey 
aid irith batrachian umdeneiesi . (8) Zhey nuny have been repro» 
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sentatiyes of a new family of batraohians, exhibiting in some points 
lacertian aflSnities. (9) They may hare been the young of 
some larger reptile, top {i^rg9 ap4 yigofona tp be ^nt^nipped in the 
pit-fidls presented by the hollow Sigillaria stampsi and in its 
adult state losing the batrachian peculiarities apparent in the young. 
Whicl^eyer of these yiei^^ we mar ^opt^ the ^t remains, that in 
the structure of this curious little cr^t^r^ yrp }i^ve peculiarities 
both batrachian and lacertian, ii^ so far as our ixfp^ri^eo pf modern 
animals is concerned. It would however accord with observed 
fiu^ts in relation to other groups of extinet aniraalt, that tiie primi- 
tiye batracbians of the coal period should embrace in tiieir struc- 
tures, points in after times restricted to the true reptiles. On th^ 
other hand, it would equally accord with such fi|ots that the first- 
"bpni of Uoertigns should Ipi^i tpwfsus^ ^ ^y^et typ^, by whi^li they 
may have been prec^ded^ My poeiMPt impf^motfl is, that they 
may constitute a separate &pily or <m)eiv to which I would give 
the name of Miobosaubia, and which may be regarded as allied, on 
the one hand, to certain of the humbler lizards, as the Oecko or 
Agama, and, on the other, to the tailed batracbians. 
It is likely that Hphnomus Lyelli was l^ssa^ualip in its habitfy 

thfm J>en!irerp0(<m. {te^ food pQpAi^^clt appiM^Cintlyy Pf iHQ^fitSi fuid 
similar creatures. Thu t^eib wmM indmt^ tbifli ftAd near its bones 
there are portions of coprolite, contalnbg reodains of inseets and 
myriapods. It probably oecarionaHy fell a prey to ^sw^^rwyelon, 
as bones, which may have bebng^ed either to young individuals <^ 
this species or to its smaller congener jBT. Wtfrnani, are found in lar- 
ger coprolites, which may be referred ^th proha^^itj 1 9 JOpi^fw^ 
pttan Acadianupi>9 
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EXPLAKATIOK OF PlATE Y. 

Hylonomus Lyelli^ and Dermal appendages. 

Fig. 1 .—Remains of a skeleton of a large indiyidoal of Hylonomus Lyelli ; 

(a) Maxillarj; (6). Mandible ; (c) Bibs; (d) Vertebrae; 
(«) Humerus; (/) Femur; (g) Tibia; (h) Fibula, (0 
Pelvis ; (fc) Foot. 

« 2.— Right Mandible. 

«* 3.— Maxillary. 

<< 4, 6.— Portions of Maxillarj, magnified. 

« ' 6.— Extremity of Mandible, magnified. 

" 7.— Sections of teeth ; (a) magnified, (6) highly magnified. 

" 8.— Portion of cranium, magnified ; (a) natural size, (6) transrerse 

section. 
« 9.«Skeleton of the trunk of a small indiyidual of H, LyeUis'(a) 

Fore limb, (b) Hind limb, (c) Ribs. 
<< 10.— Ribs from the slab. Fig. 1, magnified. 
<< 11.— Fore foot, magnified ; (a) natural size. 
'^ 12. — Gross section of flattened femur, magnified. 
" 13, 14.— Portions of the bone of the same, more highly magnified. 
" 16.— Pair of Yertebr® (dorsal), magnified. 
" 16.— Vertebra magnified. 
". 1 7.— Vertebra broken across and magnified, showing (a) neural arch, 

(b) diapophysis, and (c) central cavity. 
" 18.— Head of a rib, magnified. 

" 19, 20,21.— Bony scales, magnified, (a) natural size. 

*< 22.— Portion of cuticle, probably of HyUmdmus Wymani, 

<< 23, 24. — ^Parts of the same magnified. 

" 25.— Lower margin of another portion of cuticle, magnified. 

" 26, 27.— Ridged homy scale, natural size and magnified. 

" 28, 29.— Cutaneous lobe, natural size and magnified. 
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VUL — ^HTLOKOMUfl AOIXDENTATUS, 

PUte yi, Fif^. I 4q 10. 

inii« Bpeeies is foonded on a single imperfect epecimen obtained 
I17 me at the Joggins im 1659, and deseribed in the Journal of 
the Geological Societj, YoL XYI. In this description, I men- 
tioned, as probably belonging to tliis species, certain detached 
bones whidi I have since Ibund reason to attribute to Dm^ 
drerpetoi^ OwmL These did not however materially interfere 
with the characters of epecies, which I shall give hwe from 
llie fragments represented in Plate YI, Bigs. 1 to 16, and which 
occur together in the matrix in such a manner as to render it 
eartain diat they belonged to the same iniMyidual. 

In size, H, adedentatuB was about twice as large as the specias 
last described* Its teeth are very different in form. Those oa 
the maxillary and lower Jaw are stout and short, placed in a 
close and eyen series on the inner side of a ridge or plate (A bone. 
Viewed from the side they are of a spatulate form, and pre* 
sent a somewhat Inroad edge at top as in Fig. 4« Yiewed i» 
4}ie of^site direction, they are seen to be very thick in a diree^ 
tion transyerse to that of the jaw, and are wedge-shaped as ig 
Sig. 5. There are about forty on each side of the mandible, a^f 
about thirty on each miaillary, as seen in Figs. 1« 2, imd 3, of 
which the two first are magnified slightly, the last satural size> 

^nee the publication of my previous paper, I have ascertained 
&at the intermaxillary bones bore teeth of tiie form r^preseotod 
in Fig. 6. They are larger than the others, thick and eoming to 
a blunt point, which is 9^med with hngitudim/otl and dighttf 
^piiped fidgt^ This singular tooth must haye be^ a moBt effi- 
cient instrument for crushing and penetrating the coats of crusts- 
eeans and insects, or Hie bony armour of the smaller ganoid fishes. 
Bemains exist at the extremity of the lower jaw, which show that 

* In Prof. Owen's paper, J.Q.S., Yol. 18, this bone is figured, bat; jn- 
^orreetlj ptated to be twice natural size, and referred to E, LjfeUi, 
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a few teeth there also were larger than the others, but whether 
ihey differed in form cannot be determined. The pulp cavity of 
the teeth is less extensive in proportion than in H.LyeUi, and the 
structure in the cross section is simple, showing merely radiating 
ivory tubes, as in Fig. 7. The bone represented in Fig. 8, was 
found with these remains, and as it is too large for the last spe- 
cies, and different from anything known in Dend/rerpeton^ it pro- 
bably belongs to the creature now under consideration. It is thin 
and smooth, except at the upper margin, where it has in the 
centre a group of small conical teeth. It evidently belongs to 
tiie palate, and somewhat resembles the palatal bone of Metbo- 
hnmchus^ but is broader, and the latter has no teeth. Detached 
fragments of the skull show that its bones were thin and dense 
and smooth on the surface as in H, Lyelli, That represented in 
Fig* 9 would seem to be a frontal bone seen from the inside. 

The remains of H, adedentaius are too scanty to warrant much 
certain inference as to its form. Its vertebrae would seem to 
have resembled those of jET. Lyelli, but to have been elongated 
and more thoroughly ossified (Fig. 16). Its ribs are similar in 
form and proportion to those of the last named species (Figs. 10 
and 11). A pelvic bone and some detached phalangial bones 
(Figs. 12 and 13) as well as very fragmentary limb bones, would 
indicate that its limbs were well developed. Its external scales 
are similar to those of the last species but larger, and a few frag- 
ments of skin show scales and appendages similar to those of H, 
LtfelUj but of greater dimensions (Figs. 15 and 62). The micros- 
copic structure of its bone is also similar to that in the last species 
(Fig. 11). No doubt a more perfect specimen would show many 
points of difference between these species, not now appreciable ; 
but in the mean time the very different form of the teeth is a 
sufficient distinction. In jET. In/elU these are conical and pointed. 
In the present species they are of a peculiar wedge shape — ^their 
diameter transversely to the jaw being the greatest at the base, 
while at the top they are sharpened to an edge. The peculiar 
form of the intermaxillary teeth may also serve as a distinctive 
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» 

character, though those of H. LyeUi are not yet known. The 
form of the vertebrsB would further seem to indicate di£ferent pro- 
portions of body. On the whole, while this species is in all pro- 
bability generically related to the last, it is certainly specificaQj 
distinct. Its habits and food may have been similar, but its den- 
tal apparatus was stronger and more formidable. 



EXPLANATION OF PLATE VI, FIGS. 1 TO 16, AND PIQ. 62. 

Hylonomw acUden$atu8, 

Fig. ] 1— Maxillary bone, magnified, (a) natural size. 
" 2 — ^Mandible magnified, (a) natural size. 
<< 3— Portion of mandible, natural size. 
<' 4 and 6 — Tooth, seen from the side and front, 
(( 6— Tooth of intermaxillary. 
" 7— Gross section of tooth, magnified. 
« 8— Palatal bone with teeth. 
« 9— Frontal bone. 

" 10 and 11— Rib natural size and cross section enlarged. 

" 12— Pelvic bone. 

<< 13— Phalangial bone. 

<' 14 and 16 — ^Bony scales magnified. 

" 16 — Broken vertebra. 

« 62— Portion of skin with homy scales. 
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This is the q^es of ffyhnama^ originally detected by Proi 
Wyman in the speeixn^is brought from the Joggins by Sir C.^ 
Lyell and myself^ Bemains of several additional individuals have 
since been found, bat no elr^ef(jn appfoacliing to con^leteness. I 
shall deseiibe tliis tbe BMst diniouthre of the rq[»til»B- of the Nof» 
Scotia coal, with the aid of the fri^gments represented in Plate 
VI, Figs* 18 to 81, most of which are almost microscopic in size. 

The sknU seems to have been mnch of the same i^rm as in J^ 
hnomus Lyelli, but very thiE and delieato,. so that all the speci- 
mens hitherto found am onished «d4 fra^entury* Th« raax3- 
lary and mandibular bones are funiaAsd with teeth \9bkki ai^ 
bluntly conical in form^ and ift iSt» tatlttr boise s^flt te^ h^ coi^^ 
to its front part, or to be very smaif pdBiMo^. JfHiff ^^thui^ 
much fewer in number than in the species ta&i TLSitS^. t have 
been able to txi&ke out only H in the lower Jaw, and tliey are 
alternately large and small, as if replaced in this maonev as^wom 
out* Their structure is of tiie aa^M simple obafaoter atf in the 
other species of Sij^lonomus^ and they have htf]gfe pt^cai^Htinf* 

The vertebras of this spMies^ fi« ^Hgsisfi- And dtottbtetibtid 
l%e bodies are elongated and hour-glass shaped, with an internal 
cavity of the same form filled with calc spar (Fig* 80), and pro- 
bably once occupied by cartilage* They have^ in the dorsal re- 
gion at least, strong articulating and lateral processes, and were 
furnished with numerous^ delicate ribs (Figs. 24, 25,. 27)i In one 
of my specimens as many as 88 of these little vertebras may be 
Men lying together, and many of tiiem attached to each other* 
This would indicate that the body was long and slender* It was 
famished with Hmbs, similar to tiiose of H. LyeUi, but very small 
and slender* The pelvis is of the same expanded form with that 
of the last species, and a pair of fore feet lying together on one 
ilabi show the remains of four slender toes (Ilg. 29)* The bone^ 
of the limbs are very delicate and thin walled (Figr 26), The 






bony scales are ond, mi AmSLsat to those of the othcnr dpecies of 
the genus, bat very small (Pigr 81). I suppose it probable that 
the fragments of skin with imbricated scales represented in Plate 
y, Figs. 22, 23, and 24, may l&ave belonged to tliis species, tv& 
I cannot certainly affirm that this was the case. 

^ In length, S^lonomus Yfymomi could not have exceeded four or 
five inches, and its form was thin and slender. It may be 
questioned whether this little creature wav not &e you\yg of oiie 
of the other species. The form of likfe* tertifib^ aM tee^h^ ittyM^ 
I think, prevent us froiif s%>os(tfg tliiat it fi^ood' \ii tEiisr refii- 
tion to J7. LyelK. To J7. dciec(eiiidtu8 it bears' a sponger sem- 
blance in these respects^ ££ioug& not sufS^cient to render specific 
identity probable y and the occurrence of so many specimens of 
tiie smaller species, wi&out any of intermediate size,^ renders it 
likely that it did not attain to any greater dimensions. 

Hyhnomus Wymani probably fed on insects and larv», and 
searched for these among the vegetable debris of the coal swamps, 
which would afford to a little creature like this abundant shelter. 
It occasionally fell a prey to its larger reptilian contemporaries ; 
for quantities of its tiny bones occur in coprolitic masses probably 
attributable to Dendrerpeton, It is interesting to find reptilian 
life represented at this early period, not only by large and formi- 
dable species, but by diminutive forms, comparable with the smal- 
lest lizards and newts of the modem world. The fact is parallel 
with that of the occurrence of several small mammalian species 
in the mesozoic beds. It will be still more significant in this res- 
pect if the species of Htfhnomua should be found ta be truly la- 
eertian rather than batrachian. 
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EXPLANATION OF PLATE VI, PIGS. 18 TO 31. 

HyUmomut Wymani, 

Fig. 18— -Lower jaw with teeth, magnified. 

« 19— Anterior part of lower jaw more magnified. 

CI 20 — ^Portion of maxillary bone with teeth, magnified. 

" 21— Maxillary bone, natural size. 

« 22— Lower jaw, natural size. 

" 23— Yertebrs, natural size. 

" 24 and 26 — ^Vertebra, magnified. 

'< 26 — ^Homerns, natural size and magnified. 

'< 27— Rib, ntftural size and magnified. 

" 28 — Pelyic bone, natural size and magnified. 

« 29— Foot ; the line shows the natural size. 

« 30 — ^Broken vertebra magnified, showing internal cayity. 

« 31— Bony scales, natural size and magnified. 
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X. — ^Htibbpetok Dawsoni, 
Plate YI, Figs. 32 to 46. 

In the more or less laminated materiaWhich fills the interior 
of the erect trees of the Joggins, it often happens that the more 
distmctly separable surfaces are stained with ferruginous or coaly 
matter, or with fine clay, so that the fossils which occur on these 
Burfisuses, and which would otherwise be more available than those 
in more compact material, ara rendered so obscure as readily to 
escape observation. This was unfortunately the case with one of 
the most interesting specimens contained in the last of these trees 
which I had an opportunity to examine. It consisted of the de- 
tached bones of a reptile scattered over a surface so blurred and 
stained that they escaped my notice until most of them were lost ; 
and I was able to secure only a jaw bone and fragments of the 
skull, with a few of the other bones. On these fragments Prof. 
Owen founded the genus Hylerpeton and the species named at 
tiie head of this article. His description is as follows : 

^ This specimeiv consists of the left ramus of a lower jaw (Fig. 
32), which has been dislocated from the crushed head, of which 
the fore end of the left premaxillary is preserved, terminating 
near the middle of the series of the teeth of the more advanced 
mandible. A fragment of the left maxillary, which has been se- 
parated from the premaxillary, overlaps the hinder mandibular 
teeth. The fore part of the mandible is wanting. The teeth in 
the remaining part are larger and fewer, in proportion to the jaw- 
bone, than in Hyhnomus or Dendrerpeton, They have thicker 
and more obtusely terminated crowns ; they are close-set where 
the aeries is complete at the fore part of the jaw, and their base 
appears to have been anchylosed to shallow depressions on the 
alveolar surface. The shape of what is preserved of the upper 
jaw affords the only evidence, and not very decisively, that the 
present fossil is not part of a fish. It inclines the balance, how- 
ever, to the reptilian aide ; and, accepting such indication of the 



class-relations of the fossil, it must be referred to a genus of Bg> 
iiilia distinct from thoM it is associated vitk in tlie Nova Scotian 
coal, and for which genus I would suggest the term ByUrpeton* 

^ A small part of the external surface of the dentary bone shows 
^ lon^tu^mdiy wrinJdecjL and strjf^t^ or fibrous character. The 
outer J^ny wall, broken away froi^ the hii^^l^r half of the d^tgry, 
f^ws a large cadly, pow occu[Med by a 4^9 greyish matr^i 
witii a smooth surface, the bony wall of whi^ cavity ^as ht^ffpL 
thin and compact We }iave here the mark of inoopipletd o^sifi^i^ 
tiop, like that ia the skeleton of Archegosqwras. The orusho^ 
jTore pajt of the right dentary bone, with remains of a few t(9eth« 
is |>elow the left dentary, and exemplifies a umilar structurifeu 
T(ie teeth slightly diminish, though more in breadth than lenglHii 
towards the fore p^rt of th^ series : here tEere are nine teeth 191 
an alveolar extent of 10 u^Ulimeters, or neiurly 5 lines. The htm 
of the teeth is longitudinally fissured, but the fissures do not n^ 
tend upon the ezserted crown. In their general characters, tbi^ 
teeth manifest at least ^ f^qid^ a r^eqiblance to those of ChwQ* 
cepTmla as of Lacertia or any higher group of Beptilia ; whilst 
t{ieir mode of implantation, with the structure and sculpturiag of 
the bone, weigh in fiivoar 0/ its relations to the lower and ^t]i^ 
q^der of the cold-blooded Vertebrates." 

I can add to the above description only a few facts obtain^^ 
bqm careful e^camination of other fragments imbedded in the mf^r 
tjAx. One of these is a portion of a ina^illary bone (Fig. 3^)^ 
It has teeth similar to those of the lower jaw in form (Figs, 34 
and 35), but the last but one is twice the size of the others, and 
seems to have been implantiad in a deep aofik&^ Mi of the te^h 
hi^ve large pulp cavities, ^d the inner surface of the ivQry ia 
marked with slight furrows which are represented by ridges m 
the p^ter surface of the stony matter filling the pulp cayiti^ 
(Fig* 36). The ivory of the teeth, however, which is very mueb 
coarser than that of the species of Sj^hnamiUf presents in the 
cross section a simple structure of radiating tubes (Fig. 37). The 
s^p&ce of the cranial bonesp of which some fragments remaini ia 



marked in the same striate manner allnded to above by Pro£ 
Owen (Figs.' 42, 43). jThe .mierofM^ic stimctare of the bone is 
mnca coarser than that of Hyhnomw or Dendrerpeton, the cells 
being larger and in some portions less elongated (Fig. 46). That 

i&e creature had stout ribs is shown bj the fragments represented 

-4n*Fig. 40; but the vertebrsa are represented only by a faw 
bodies of small r^alive size and perhaps caudal (Figs. 38 and 89). 

'^ifithe same surface was found the foot represented in Fig. 44. 

' It is of small size relatively to the head, and was probably for swim- 
ing rather than walking. A few ovate bony scales were found' 

'^tb the bones, and probaUy belonged to this species (Fig. 41)- 
On the whole it seems certain that HylerpeUm must have been 
generically distinct from theother reptiles found with it, audit Is 
probable that it was of more aquatic habits^ swimming rather than 
waUdng; and feeding principally on fish. More perfect specie 
mens would however be required in order to warrant any decided 
statement on these sulgeots. It is possible, as suggested by Prbf. 
Owen, that the affinities of the animal may be with Archegf^MfUh 
ra9 rather than with any of the other coal reptiles ; but I confess 
that my present impression is that it tends rather toward thie 
genus nyl(m(ynw». It may pos^ly be a link of connection be- 
tween the ilfiCTioMEuna andilie ArthegoMwria. 



EXPLANATION OF PLATB TI,- PIGS. 82 TO 46. 

HyUrpeton Dawsmi, 

Fig. 32— Portion of Hiazillarj bone with teeth. 
« 3S— 'Lower jaw and portions of sknll. 
"34 and 36— Teeth magnified. 
tt 36 — Oast of palp cavity of a tooth, 
(c 37— Gross section of tooth magnified. 
« 38 and 39 — ^Bodies of Yertebrse. 
« 40--Fragment8 of ribs. 
« 41— -Bony scale natural size and magnified. 
" 42 and 43-^-Sarfisice of bone magnified. 
i( 44— Foot. 

CI 46— Bone of S&me magnified. 
" 4e— Section of bone highly magnified. 
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XL — ADDmoKAL Rbftilian Bsmaiks* 
Plate YI, Figs. 47| 48, and 54 to 56. 

V 

Beside the species above described, lAr. 0. 0. Marsh, in 1861,^ 
added a new animal to the Joggins reptilian fauna ; the Eosat^ 
rus Acadiamtt. The species is founded on two large biconcave 
vertebrae, in many respects resembling those of Ichthyosawnu^ 
and indicating a reptile of greater size than any hitherto dis- 
covered in the coal, probably of aquatic habits^ and possibly allied 
to the great IkuiUomurs or sea lizards of the mesozoic rocks. 
The specimen was found in a bed of shale belonging to group 
XXVI of my Joggins section, in the upper part of the middle 
coal measures, and about 800 feet above the bed which has 
afforded the remains described in previous sections. The beds 
belong to one of those intervals of shallow water deposition of 
sediment, which separate the groups of coal beds ; and on one of 
them I found some years ago the footprints of Dendrerpeton. 

The vertebrae of Eomwrus have been fully and ably described 
by Mr. Marsh in Silliman's Journal. Agassiz and Wyman regard 
their affinities as enaliosaurian. Huxley suggests the possibility, 
founded on his recent discovery of AnthriSltoscmnM Russdli, that 
there may have been LahyrinthodorU batrachians in the coal pe- 
riod with such vertebrae. However this may be, if the vertebrae 
were caudal as supposed by Mr. Marsh, since they are about 2^ 
inches in diameter, they would .indicate a gigantic aquatic reptile, 
furnished with a powerful swimming tail, and no doubt with appa- 
ratus for the capture and destruction of its prey, comparable with 
that of IchthyosawruB, 

In a bed of hard calcareous sandstone, some distance below that 
which afforded the animal just noticed, there occur great numbers 
of teeth and scales, referable in part to large sauroid fishes, but 
perhaps also in part to reptiles. One of these is a remarkable 
tooth obtained by Sir W. E. Logan in 1848, and represented io 

* The remains were discovered in 186& thongh not pnliUshed till 1861 . 
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FSg. 47. It resembles externally the teeth of Baphetes, but its 
stnictare is almost precisely that of the teeth of the Lqndosteuif 
or bony pike of the St. Lawrence. Another tooth from the same 
bedy and with a similarly fluted surface, has a more complex labjr 
rinthic structure, as seen in Fig. 48, which however represents 
only a small fragment. With thclto occur large round thin scales 
like those of Rhizodusy but also wrinkled bony plates resembling 
that which I have attributed to BapheUa. From the hardness of 
the lock it is difScult to extract perfect specimens of these re- 
mains, and no bones other than teeth and dermal scales have 
been found. 

Under this head may be noticed the coprolitic matter which 
not infrequently occurs with the remains of reptiles, in the erect 
trees of the Joggins, and to which reference has already been 
made in previous sections. This fossil excrement is of a brown 
or £9iwn colour, and consists in great part of carbonate of lime, 
indicating probably that shells of snails or other mullusks formed 
a considerable part of the food of the smaller reptiles of the coal 
swamps. Some portions of it are filled with small bones appa- 
rently of H^hnomus Wj/mani, Other examples contain abun- 
dance of fragments of cbitinous matter referable in part to Xyh^ 
lnu8 SigiUcMricBj the millipede of the coal; and in other instances 
to insects. Of the latter kind of remains the most interesting is 
an Eye, represented in Fig. 56. It must have belonged to an in- 
sect of considerable size, and with highly complex eyes, probably 
a neuropterous insect. As many as 250 facets are distinguishable 
in the fragment preserved, and the whole number in each eye 
may have amounted to 2000. In size and form the facets re- 
semble those of the eye of a common Canadian dragon fly of the 
genus Aeickna, but are a little smaller. , In this and other copro- 
lites, though abundance of minute chitinous fragments remain, no 
others are sufSciently perfidct to be recogaiz/od. In one coprolitic 
mass a quantity of thick crust or shell occurs, which under the 
microscope presents a minutely tubular and laminated appear- 
ancci resembling that of the shell of a crustacean rather than 



tiixY dtheir IdMfX strdcttire with wMcli I ani ' aeqndntid. Ther^ 
iiiftylilit^l>eeiii^ laiid-crabs in the c6al period; but it is perhUpli 
mote likiBiy that B<m^ one of the largeir individuals of DeMret^ 
pdim had been fe^iig on crustaceitns in some pond or creiBl:/ 
Wore it fell intd the pH in which it was entombed. Itishow-^ 
eter interesting td observe that no remains whatever of fi^eb 
kave occurred in any of this coprolite or vd the erect trees ootitaSn^ 
ing reptile bones, though stich remains are very abundant in some 
of the asatociated beds. This &ct confirms the inference dedi|- 
cible from other conSiderktions, that the ground in which these 
open pits presented themselves, was not that of a very low swamp, 
liable to inundatiosy or very near to the sea or other bodies of 
water. 

I may notice here certain very remarkable impressions, the 
origin of which I am at a loss to conjecture, but which may havta 
had some relation to reptiles of the coal period. They occurred 
on the surface of a layer of grey sandstone about 60 feet above 
the bed containing the erect reptiliferous trees. This bed is one 
of a series of flaggy layers on which occur, with vegetable frag- 
ments, trticks, possibly of Hyhruymm^ and rain-marks. The im- 
pressions now referred to were thus described by me in 1861 : 

" Hey consist of rows of tranverse depressions, about an inch 
in length and one-fourth of an inch in breadth. Each trail con- 
sists of two of these rows running parallel to each other, and 
about six inches apart. Their direction curves abruptly, and they 
sometimes cross each other. From their position they were pro- 
bably produced by a land or firesh.water animal — ^posnbly a large 
Crustacean or gigantic Annelide or Myriapod. In size and gene- 
ral appearance they slightly resemble the curious GlimacHchnites 
of Sir W. £. Logan, from the Potsdam sandstone of Canada." 
To this I have only to add that the space between the rows of 
marks is slightly depressed and smoothed, as if with a heavy body, 
like that of a serpent, trailed along. 

I have given in Fig. 54, as a supplement to the histoiy otDen* 
irerftum and HyUmomm^ a diagram of the form of the skull and 
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the character of the dentition, restored from actual specimens. 
This will serve farther to illustrate the descriptions in previous 
sections. 

IaJf1g.-65 Ihave'repmsenitod a'giou^'Of^scales from the throat 
oli^2>Ak2n9fpeftm) aa tiiby li^ - bende the skuU from which the' 
gf>Mter part of the details in Fig.' 54 are takw; It will be, seen 
tkaft these are^^elongatodfovid^lri^dvery-closely imbricated in rows 
dit^ging in a pinnate manner- from a mesial line. They would' 
gtftd much protection^ while not deficient in flexibility* It is pro^-; 
bable however that Dendrerpeton could breathe by other means., 
than- the giilpii^^of air by the' contraction of the throat; and 
would therefore be less dependent on the action of the. gular mus^ 
eleS'tbanthe modem batradiians. 



J..*. 



EXPLANATION OF PLATE VI, PIGS. 47, 48, ato 54 to 66.J 

jiddUional JUpHlian Rtmaint, 

Fig. 47— Tooth of unknown reptile or fish, natural size, section natu- 
ral size, and portion of secUoH magnified, showing infold- 
ing of the enamel and arrangement of the dentine. 

<' 48— Small segment of another tooth similar to the last in form, 
and size, but more complex in the folding of the enamel- 

« 54— Oater figure— Diagram of skall of Dendrerpeton, showing its 
size and general form, the appearance of the occipital 
condyles, and the arrangement of the double row of max-< 
illary teeth and of the vomerine teeth. 

« 54— Inner figure— Diagram of skull of HyiontmuSf showing the 
arrangement of the single row of mazlllaiy teeth and the 
patch of palatal teeth. 

« 55— Bony scales of the throat of Dendrerpiton jicadianum, natural 
size. 
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Xn. Invsrtbbbatb Air-Bbbathbrs. 
Plate YI., Figs. 49 to 63, and 66 to 61. 

In addition to the insect whose eje has already been noticed, 
but two species of land Inyertebrates hare been recognized in the 
coal of Nova Scotia. One of these is a snail, Pupa vetusta^ the 
other a gally-worm or millepede, XyhUus sigUlaruB. They are 
represented in the figures referred to at the head of this section, and 
have been fully described in the Journal of the G^logical Society 
of London. 

The first is the oldest known representatiye of the land 
snails, and so closely resembles the modem ^chrysalis shells^' of 
the genus Puipa^ that I have not thought it denrable to refer it to 
a different genus, though the name Dendropupa has been proposed 
by Prof. Owen, Mr. J. S. Jeffreys and other eminent concholo- 
gists, who have seen the shell, concur in the opinion that it is a 
true PiyM> ; so that this genus, like Lingula and Nautilus, extends 
from the palaeozoic to the modem times. 

It may be described as a cylindrical shell, tapering to the apex, 
with a shining surface^ marked with longitudinal rounded ridges. 
The whorls are eight or nine, rounded, and the width of each 
whorl is about half the diameter of the shell. The aperture is 
rather longer than broad ; but is usually somewhat distorted by 
pressure. The margin of the lip is somewhat regularly rounded 
and is reflected outward. There are no teeth, but a slight indica- 
tion of a ridge or ridges on the pilUr lip, which may however, be 
accidental. Length i^ths of an inch or a little more. It was 
first recognized by Dr. Gould of Boston, in specimens obtained by 
Sir C. Lyeil and the writer at the Joggins. 

This little shell is remarkable, not merely for its great antiquity, 
but also because it is separated by so wide an interval of time 
from any other known species of its race, there being no other 
Pulmonate known until we reach the Ftnbeok beds, and no trae 
land snail until we reach the Tertiary. It is also worthy of remark, 
that while hundreds of specimens have been found, not only in 
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the erect reptUiferons tronks but in a bed 1217 feet lower, and 
separated by twenty-one coal beds, not any other species is found 

with it It is Tcry rare in modem times thus to find one species of 

■ 

snail in great abundance without any others. More especially is 
this so when we can examine, as in this case, not only the decayed 
trunks in which the creature sheltered itself, but also the beds of 
mud into which its dead shells were washed. These facts present a 
striking instance either of that 'imperfection of the geological 
record", of which we hear so much, or of the solitary existence of 
a single species as a prophetic representative of future things, to 
be realized long after it had ceased to exist. 

The lower bed, holding shells of Pwpa vetustaj just mentioned, 
is a grey and greyish-blue under-clay, fall of stigmarian rootlets, 
though without any coal or erect trees at its surface. It is 7 feet 
thick, with sandstone above and below. The shells occur very 
abundantly in a thickness of about two inches. They have been 
imbedded entire; but most of them have been crushed and flat- 
tened by pressure. They occur in all stages of growth ; the young 
being, as is always the case in such shells, very different in general 
form from the adults. This bed is evidently a layer of mud deposited 
in a pond or creek, which afterward became silted up and carried 
sigillaroid trees. In modem swamps multitudes of shells occur in 
such places ; and it is remarkable that in this case a single land 
shell should alone be found, without any trace of aquatic moUusks. 
The shells which occur in this bed are filled with the surrounding 
sediment. Those which occur in the erect Sigillaria^ on the 
other hand, except when they are crushed and flattened, are filled 
with a deposit of brown calc-spar. I infer from this that the 
latter when buried contained the am'mals, and consequently that 
these lived or sheltered themselves in the hollow trees, as is the 
habit of many modem land snails. 

The gally-worm of the coal period, Xyhhiw SigittaruB^ must • 
have existed in great numbers, as many layers in the erect trees 
are full of them. It probably lived in these decaying tmnks just 
as its modem c(Higenere do in similar places. As an air-breathing; 
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'^ water, oreven ia v^ry wet places ; and this is one of thei evideno^ 

>which inthis icaso point to. a; greater dryness. of the coal swaofips 

than has hitherto beensnpposed probable ; it also shows the resem- 

Uance of the conditions of the ar^as of coal accumulation to 

those' of modem forests. 

With regard to the affinities of XyloHus, its form and structure 

-xiender certain:its alliance with the Myriapods, and with the chilpg. 
nathous division. of them, or the gally-worms ; but it is less certain 
to which of the fiunilies of the recent gally-worms it belongs, if to 
any of them. I hare, however little doubt that.if it existed as a 

frecent animali it would go into the tribe Bi$onia of Newporty and 
INTobably into the family of JSi^icicB, to the lypical genus of whieh 

• it bears a strong resemblance in such, points as can be made out. 
The oldestMyriapod previously known is, I believe, the OeapMhu 

r.pr^amu, MUnster^ of ^e Jurassic period'!^. 



BXPLANA^ON OF PL. TI, FIGS. 47 to 63, ahd 66 to 61. 

' Irwertebrate jSir'Bretithers, 

Fig. 49.«— PtQMi VettutOf natural size. 
« 50.— « « magnified. 

' it 6l.^^Pupa VHwta, apex magiiifi^. 

» 62«— « " " ' scnlptore of SQEfiMse magnified. 

« 63,-. « cc . ceUalar stmotnre of shell highly magnified. 

tt f^^/mmEy^ of an Jbuect, natoral size and majgnifiedi and three ocelli 

highly magnified. 

" 6*I.^Xylobiut SigiUaruBj Anterior segments magnified. 
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natural size. 
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69.— 
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part of one of the posterior segments 
magnified. 
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eandal extremsty magnified. 
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head magnified, showing the eyes. 



f Picteti PaUiontologie, y oL 11| p. 406. 
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snip- Ohabaotbbs of the Animals disobxbkd nr this pafbb. 

To fiaoilitate comparisons, I propose in this section to giye an 
-abstract of the leading structural points which may serve to dis- 
•tinguish th^ animals described in this paper from each other, and 
from such new species as may be discoTcred either in Nova Scotift 
•or elsewhere, l^e characters given must necessarily be incom- 
plete, and I shall confine myself to points distinctly ascertained 
' and likely to be met with in any additional specimens which 
may be discovered. 

iVomee.--VERTE8BATA. 

CZow.—- Bbfthjjl 
Order. — Micbobauria* 

Oenus, — ^Htlovomus. 

Reptiles or batrachians ; with rimple teeth in one series ; bi- 
concave vertebrae with arches anchylosed to them ; ribs long and 
bent; limbs developed for walking; cranial bones smooth or 
nearly so ; body protected below with oval or ovate bony scales^ 
and above with homy scales and other appendages. 

1. JEfylonomm LyeCli^ Dawson. — Teeth elongated, conicali 
ihirty-siz in each side of the jaw; larger toward the anterior 
part of the lower jaw ; length of lower jaw .7 inch ; limbs well 
developed, especially the posterior pair ; bony scales oval; body 
itbove with imbricated homy scales, and rows of angular and 
bristly points. 

2. Hyhnomm adedeiUcOua^ Dawson. — Teeth of maxillary and 
mandible thick wedge form, or nearly round at base and flattened 
to an edge at top. Teeth of intermaxillaries cylindric, bluntly 
pointed, and with spiral furrows at the point. Number of teeth 
about forty on each side of jaw ; length of lower jaw about 1 inch. 
Sise more than twice that of Bi LyeOi. Dermal covering so far 
as known, similar, but the parts large in proportion. 

t. Hyhnomm Wymm^ Dawson.*-Teeth obtusely conical, about 

I 



6tr^ AillpS&iElteifli^ iM^'idft HMSfi^BStf!^ 

inch. VertebrsB elongated; size much smanerthan that of i7. 
ZgfeSL Bony sbales small fma rimnded, bbdyaboye probably 
doited in imbricated horny scales. 

&SMa, — ] 



Saphetea plamcepsj Owen.-r-Teeth oenical, hooked, stoated 
longitadinaUy, and with inflected and convolnted cement; in two 
series; the inner of larger size. Cranial bones much cormgated. 
Head broad; breadtk In 1(b6Bft^cffapiHla^6 4fidkes; length from 
this line to front of snont S^; inches. Probably a dermal covering 
of cormgated bony scales. 

CknUS, — ^DSNDBIBPITON. 

Batrachians with a double series of teeth ; the outer nmple and 
fiBltlkiii&W&ej^ii& itam cdt&sA #l(ih itfMM fiflds df eififtMt. 
T^i^ fd»6'(&^e vomer. ^elr^iOcUfr ^orHt^f^d; ^IkAf'ptP' 
iBOM^WW' wxflrlong Wate lor ifhOmboid bony is6^ atidilbovir 
wi«lrfiU[>ri(»ted1iitfn7'^^ ^rm^c^igated/f(^ iitiribsOiti^r 
tail natatory, viAMl^^ibdilb^^^e, neuAil: toclii^ ^Md bo&a^ 

\. ifsnumpem jicdamum, 'bmu^mi^ i^^th^sMigfit 

ociilHaVttiiiert^e&shdrtlwdbbturo.^ "hSti^'^^m^.li^intib^ 
brcMhb ^t'6rbtfe-abbut'2 iiicOiei^^diisenK^ of '<^fMtB i1 ^mk 
Lfli^'ttUbHb tt^o f^ 

2. jD. Owenif Dawson. — Teeth slender and hooked, ^itdl't^iuMiit' 
ofiiittapHtiQlihr^ofe p^i^CTy-infl^ ^BSt^'^rOniH^^lt^^faHdi, 
diittn^Br^ te(Mft'1lbdm%S^bb-,^l€m^»bti&4»$t'^^^ 

Onchr.— ABflflieoAASBUrt 

MgUrfiion Damtom^ Owem^^Teeth nrnplei bluntly conical^ 
with large pulp* cavity ; ubout fs in one side of the jaw. 'iTwo 
of teelmteri<» tdeiih of theupper jaw twice WU^e^as'iElieothelB^ 



and deeply sunk in the jaw« Length of lower jaw 1*3 inch 
Bones of akall pttHi5t»tfci iito,^idaii)rmAnqwBy probably natatory. 



9eittM.--3!oBAUBUs. 

Ecmwm Acadim/^f JJIjuwh*— ]&awn hj f^p JWmh>W!?X? ^F' 
4ehcaB 2.* incb,^. .«i ,4i««n^t€tr ,f^x^ ,w^(^ resemj^ljgg the ^ndal 

Joiucnal^;rol..M»Rr* 



v/,. 



Suh Clan. — ^Myriapoda, 
Order.—- Ohilognatha. 

i^|fMii» iS^fUUfufiody ifiHi««^.-^0dy aerartaceous, ^dongate^ 
* ^ne^toHnfo iii(dies.m lBiigih,'iartwdate;;^heaf eoeal^^tindiioalor 
t DMriy j9o,'rol}ftDg is^piitfUy. ^FeettB^^»imevoa& ; 4wgmeBt8 80t or 
(.-Buire; <a]iteiior ^4ieg4Baentsi«moelh, v-posierior with > tcansvirse 
AwrinUes, giving -a "Tftirrows^ ij^ppeaianee. ^Invaopie speeiiiiena 
'taces of » series ^()f latiral^VjM ^^^^sttgniata* < Ldxnim { qoadri- 
•i Ifttecal, diirkl^ l^iiotches or jmnte kto three^pov^ 'HailcKUes 
^Iwohjok^bed, last « joint ovate and pointed, 'fiyeeten ornaoreon 
'><Miob0ide. 

, PTwiwce.— JJIOLLUSCA. 

( C%»S<.-7-C)^TB|(9£pnA. 

Ord(er.^n-Ewtf psAXA. 

Uihn9M.-*^^fhjPA. 

*JR«pa Tefowto, Dawson. — Cylindrical, tapering toward 4lie 
apex ; suHace shining, minutely marked with longitudinal ri^^es ; 
whorls 8 or 9, rounded, width of each equal to half the diameter 
of the shell ; aperture rather longer than broad ; outer lip regu- 
larly rounded and somewhat reflected ; pillar lip straightened aWe, 
rounded below. Edentulous or with\fSunt ridges on columella! 
' liOngih .3 inch or a little more* 
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XIVw— OoNOLUBma Rbuabkb. 

Having finiahed the work which I [Mroposed to myBolf, in iUus^ 
tration of the air-breathers of the coal period in Nova Scotia, i^ 
now remains to mention a few general thoughts which have arisen- 
in connection with the animals which have been described. 

I have endeavored, in the frontispiece, to present to the eye the 
fbrms and attitudes of these creatures. In doing so as little lati- 
tude as posfflble has been allowed to the imagination^ and the 
structural points indicated by the IxHies and skin actually found^ 
have been adhered to asdoselj as practicable. On the left hand 
Baphetes plamicqfs is seen emerging with a ganoid fish in its^ 
jaws. Next Dendrerpeton AcadumtNn is represented slowly 
walking up the inclined shore, and' leaving its hand-like footprints- 
thereon. A little &rther up ITi/lanomui' LyeUi is leaping in pur- 
suit of an insect, and Hylonomus Wymcmi stands a little more in 
the foreground, while Hylerpeton Dcbwsoni is disporting itself in 
the water in front. I am quite aware that the form and action 
given to Hyhtumnia are at variance with the views of its nature, 
which would ally it with Archegosaiumu ; but, as stated above, I 
cannot refuse my belief to the testimony of the bones themselves, 
which prove a development of the hind limbs not likely to have 
been associated with an elongated body and natatorial tail, and 
pointing to saltatory motion on land, and perhaps frog-like swim- 
ming in the water. In the middle ground of the picture I have 
placed a bank of soil, showing a section of a hollow trunk similar 
in situation to those in which the reptile bones of the Joggins- 
occur, and on this bank and in the distance, I have endeavored to- 
give some of the characteristic forms of the vegetation of the 
peripd : Ferns, Gordaites, Sigilh/na^ Lepidendron^ Lepidophhufi} 
and CalamiteB. 

It has recentiy been a favorite view with some writers on this 
subject, that coal beds may have been formed in shallow salt water, 
and that SigillaricB may have grown in such places, like man- 
groves.. It will be seen fi^om the firontispiece, that I do not believe 
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' in this theory of the formatioii of coal, bnt on the contravy adhere 
to the opinion which I hare formerly maintained, thai the coal bed» 
and nnder-clayB are of the nature of peaty soils^ In no part of 
the world are the coal measures better developed or more fuHy 
exposed than in the coast sections of Nora Scotia and Cape Breton ;. 
and in these, throughout their whole thickness, no indication has 
been found of any of the marine fossils of the lower carboniferous 
limestone. Abundant remains of fishes occur, but these may have 
frequented estuaries, streams and ponds, and tbe greater part of 
them are small ganoids which, like the modern LepidoBtenu and 
iimia, may have been specially fitted by their semi-reptilian res* 
piration, for the impure waters of swampy regions. Bivalve 
mollusks also abound ; but these are all of the kinds to which I 
have given the generic name N<iiadite»j and Mr. Salter those of 
AnihrcLOomya and Anthracoptera. These shells are all distinct 
from any known in the marine limestones. Their thin edentu- 
lous valves, their structure consisting of a wrinkled epidermis, a 
thin layer of prismatic shell and an inner layer of sub-nacreous shell 
composed of obscure polygonal cells, all remind us of the Anodons 
and TTnios.* A slight notch in front, noticed by Salter, as possibly 
byssal, concurs with their mode of occurrence in rendering it prob- 
able that,like mussels in modem estuaries, they attached themselves 
to fioating or sunken timber. They are thus removed, both in 
structure and habit, from truly marine species ; and if not actually 
of the family Unumtdm^ must have been fresh-water or brackish - 
water mussels closely allied to this family. The crustaceans 
(Ewrypterus^phstylui^Cypridij) and the worm shell {8pirorhi8)\ 

* The microscopic structnre of these shells is well preserved, and 
presents some difforences of detail which I hope at a Aitore time to 
illustrate. 

t The idea of some PalsBobotanists, that these so-called Spirorbes are 
fossil parasitic plants, is obviously a mistake. Thej are calcareoim 
shells, and present under the microscope a prismatic cellular stmctnre, 
with numerous minute tubuli, in the manner of the shells of modem 
Serptdm and Spirorbes. In Nova Scotia I have seen Esthma only ia 
the lowe^ coal formation. 



^'Miid'witli ^Bm^^luDSfiot niamuiErilf tMun^ off tibtti 

rMdBged^f^)biibIy}46rkiddd^'«mAet^^^ ihfi^iiav6ii6tytt>bibn 
vfcnwd in tiiose ^ bo H M Bro tfiii)6dg depeeited in Ae ^pcdi-Mik <ThiiM fa 
7 Urns m tfae^ ^n^ioie ihMbien xiif > tiie^ middle ^ooalt tnMf uMs <of N«ra 

'«& « iqoite probaUe^ibat^Bea: kmndatedaat intorwils Out aroMof 
< eoalacctimulattoii,4he> waters artist lia^eibeeB«8liaUi9W4ttidtea 
^6ai extent land^oeh^dfSOhfimlbiaekkh^watesMiilier tibaatmavbie 
oaiiraiak inbablMd tibem^ 

i Oft *tiie <y&Qr iia&dy Abelre are ia these ^eoal ^neftfiiiiies, .abuadant 

*<'eTidences of laiidHMut&oeB ;>atid 8ub-4^elde0agr of TQgetabteoMt- 

» ter in large quanttty fa ^ ^proved kj ^e oeeutfreaoe of the mineial 

cAiafeoal of tbe^ooai itoelf^ras I have elsewhere •shofwn.* Theteiact 

treest^hioh <>cciir iit soiaiaiy tovek^afao id^plysab'aerial decay. -A 

tree imbedded is sedkMiit and- remaining tonder wategy-eottld aot 

decay so as to become ^hollow md deposit the remttiuiof its ^woed 

in 'the state of nnneral chareoal within the hollow bark. rYet 

thfa fa the case with the greater part of the arect «9gillari89 wMch 

oocnr'at more than 'dO ievefa in theJogginsaection. ^Noreoald 

such hollow trunks become. F^[>o»tories for millipedes,' e]Ssdfa4Uid 

^ visiles, if under water. On the other hand, if, as seems -neees- 

sary to ^plain the eharaeter of the reptiliferoiis eredi trees, ihese 

'remained dry or nearly so in the interior,>thfa would ilx^ly .not . 

merely a soil out of water, bat oomparatiyety well drained ; <«s 

^onld indeed always be the case, when ^&bA^ veilting<0n a'sandy 

'Sabsc^ was taised eeteral feet aboye the>2eTel of the water. 

^Fartber, though tiiepeedliar character of the iMts of. iS^iUflrJOB 

AniOdlamites may lend some countenance to the supposition that 

they could grow under water or in water-aoaked soils, thfa 

will not apply to coniferous trees, to ferns, and other iplantSi 

^^hieh arefoutad'imder^iriiMaistanoes'lrliieb riiow that (they grew 

In ' the cdal m^asdfes bf'Ndta'Scotia, therefore, t^htle marine 
* Journal of Geological Surrey, yoL 27. 



oottdifibns are absenty^ tkiere^Bre^nrpte^d^eoft^ fresb^ator ^or > 
braddsli-initer condifaons, and of land «wrfifieefl) st^tabld^ for ike 
ai^breathfr^ arnmals ^ of th^d period. Nor do I believe that the 
oofll' measiires of Ndf<a€oot^ wereexeeptioiifllte this respeot. It > 
isftoelibattn OreHJt Bi^i^nn' evidencee^of marine life do oc<^ iar 
tte'ooidi meaBaFBBt bot'iieit^ softer as I aoa^wiraiei in cireumstaBees > 
wUeli jintxiy 1i^ inllmnoe^a^ iftarine origin. A4^ 

tenaliona oC tmknne and ' land remainfi^ and even mixtures of ^ 
ihesey arefreqiteBli in modern snbmmne forests. When we ffind^ 
as ift *Fdrt Lawrence in No^a ^eolSa, n modem forest rooted in ' 
nphindisoil^ffbrt^feet^elow li^^water <m«A;:j;)i^ imd covered with ' 
mod oou i a hgSng livmgTteffinas^and fif^as^ we^iffenotijnstifiedin- 
inKrnng thi(ti;hia'foi«es1>.grew^in the sea. Werather infer 4ha|l»< 
Bufaiidence lias occurred In modem salt mafshes 'it isnotmi"^ 
nsudi^'find evetjlitfle nmneb or pod 4iilf of rmarine-sheltfish, 
whUeini^ie hi;^r^i^^df tbe'^marsh land i^tantsave growing; 
an&i^ such places the /deposit formed mnst^contain amixtore <tf 
lan&|flants .andtnarine^ animak^'Wifii'saR vgnM»es and 4ierbage-^ 
the whole m '»itui\ 

These considerations serve, I think, to explai]]i>a]lthe«ppareBtly 
anomabnsassociations tyf-eoal plaints wiih'maline^fossiie; and 'I do 
ndt^ blow any other^argnments c^ appwpent weigi^t that can 
be adduced in favor of the marine ori^ of coal, except such as 
areJ>aaed on misconceptions of tbe.9tructure aiiid mode of^roTirth 
o£jpgiUaEoid.tcae8JUul.of thajBtraf^;i:;aplUfilil,retotiQns of the <^al. 
itadf4 - xltiSatO) betObsevvedyhaNv^q:,<tiM»t^^e^L!n»ll#t <nai^jba$ii . 

*JcxusuX of jGbol^oal^oiety, yol..Z][, 

t.Iii.thQiiiacBhesj^tthe mouth jOf^cachorongh^T^ri yi Ufdn^, phan- 
nela not jnoia thaiv Ji foot wid^and jEitr tcom thQ 9Q^ f^e^ |^1I p£ Kussels 
andJM^ ;. and inili^aq pools „cQmmaxuc%jliJu^ t|ie^e 

arA.o&endEaap7, jonug .j^u^ whidisesin t(vp¥9&r:4n!ph places, and, t)ie 
cast offaSh0Us.andjoth0r.rQmalos.of .w}4Qh<Ja^7.l»Pffl&a im |n 

mud^andi mixfldwith land planjii,^ jvst^asin Jtl^ej^l|f4984>f the CQ_al mea- 
sures. % 

t ItJs.unfii>rtnnatathat/awwBltcM0iiillls.Bubj$QtJt^ 
the knowledge of the geological feafbres of the coal, a sufficient acquain- 
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the essentially terrestrial character of the prdinary coal and of its 
plants, I have elsewhere admitted that cannel coals and earthy 

* 

bitmnen present evidences of sub-aquatic deposition ; and have 
also abundantly illustrated the facts that the coal plants grew on 
swampy flats, liable not only to river inundations, but also to 
subsidence and submergence.* In the oscillation of these condi- 
tions it is evident that SigHlaria and their contemporaries must 
<^n have been placed in conditions unfavorable or fatal to thenii 
and when their remains are preserved to us in these conditions} 
we may form very incorrect inferences as to their mode of life. 
Farther, it is be observed that the conditions of submergence and 
silting up which were favorable to the preservation of specimens of 
SigilhruK as fossils, must have been precisely those which 
were destructive to them as living plants ; and on the contrary that 
the conditions in which these forests may have flourished for cen- 
turies, must have been those in which there was little chance of 
their remains being preserved to us, in any other condition at 
least than that of coal, which reveals only to careful microscopic 
examination the circumstances, whether aerial or aquatic, under 
which it was formed. 

It is also to be observed that, in conditions such as those of the 
coal-formation, it would be likely that some plants would be 



tance with the phenomena of modem marshes and swamps, and with the 
conditions necessary for the growth of plants such as those of the coal. 
It would be easy to show, were this a proper place to do so, that the 
•< swells,'' ''rock-firaltB," splitting of beds, and other appearances of 
coal seams, f nite acoord with the theory of swamp accumulation ; that 
the plants associated with SigiUaruB oonld not have lived with their 
reots immersed in salt water ; that the chemical character of the under- 
clays Implies drainage and other conditions impossible under the sea; 
that the composition and minute stmctore of the coal are incompatible 
with the supposition that it is a deposit from water, and especially from 
salt water ; and that it would be more natural to invoke wind-driftage as 
a mode of accumulation for some ef the sandstones, than water4riftage 
ior the formation of the coal. 
• Journal of GeoL Socy., vols. Z and XY and << Acadian Geology." 
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tipeoiallj adapted to occupy newly emerged flats and places liable 
to inundation and silting up. I believe that many of the 
SigillaricB^ and still more eminently the Catamites^ were suitable to 
such stations. There is direct evidence that the nuts of Sigillarim 
(Trigonocarpa) were drifted extensively by water over submerged 
flats of mud. Many Cardiocarpa were winged seeds which may 
have drifted in the air. The Oalamites may, like modern Equise- 
tc^ have produced spores with elaters capable of floating them in 
the wind. One of the thinner coals at the Joggins is filled with 
spores or spore-cases that seem to have carried hairs on their 
surfaces, and may have been suited to such a mode of dissemina- 
tion. I have elsewhere proved that at least some species of Oala- 
mites, were by their mode of growth admirably fitted for growing 
amid accumulating sediment and for promoting its accumulation. 

These and other facts to be ascertained only by a careful and 
minute study of the coal formation and its fossils, are essential to 
a right understanding of the complicated conditions involved in 
the growth of these great deposits ; and notwithstanding the im* 
mense mass of facts which has been collected, there is still no de- 
partment of geology more encumbered with crude hypotheses and 
hasty generalizations, than that which relates to the history of the 
carboniferous period. 

The reptiles of the coal formafion are probably the oldest known 
to us, and possibly, though this we cannot affirm, the highest pro- 
ducts of creation in this period. Supposing, ' for the moment, 
that they are the highest animals of their time, and what is 
still less likely, that those which we know are a fair average of the 
rest, we have the curious fact that they are all carnivorous, and 
the greater part of them fitted to find food in the water as well as 
on the land. The plant feeders of the period, on the land at least, 
are all invertebrates, as snails, millepedes, and perhaps insects. 
The air-breathing vertebrates are not intended to consume the 
exuberant vegetable growth, but to check the increase of its ani- 
mal enemies. Plant life would thus seem to have had in every 
way the advantage. The millepedes probably fed only on roots 

K 
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aod decaying substances — ^the snails on the more juicy and succa- 
lent plants growing in the shadow of the woods. While, more- 
over, the vegetation of the coal swamps was most abundant, it 
was not, on the whole, of a character to lead us to suppose that it 
supported many animals. Our knowledge of the flora of the coal 
swamps is sufficiently complete to exclude from them any abund- 
ance of the higher phsenogamous plants. We know little, it is 
true, of the flora of the uplands of the period ; but when we speak 
of the coal formation land, it is to the flats only that we refer. The 
foliage of the plants on these flats, with the exception of that of 
the ferns, was harsh and meagre, and there seem to have been no 
grasses or other nutritious herbaceous plants. These are wants 
of themselves likely to exclude many of the higher forms of her- 
bivorous life. On the other hand there was a profusion of large 
nut-like seeds, which in a modem forest would probably have 
afforded subsistence to squirrels and similar animals. The pith 
and thick soft bark of many of the trees must at certain seasons 
have contained much nutritive matter, while there was certainly 
sufficient material for all those insects whose larvae feed on living 
and dead timber, as well as for the creatures that in turn prey on 
them. It is remarkable that, perhaps with the exception of a 
very few European insects, no animals fltted to avail themselves of 
these vast stores of food have been discovered in the coal. The 
question : '* What may have fed on all this vegetation f '' was never 
absent from my mind in all my explorations of the Nova Scotia 
coal sections ; but no trace of any creature other than those already 
mentioned has ever rewarded my search. In Nova Scotia it would 
seem that a single snail and a single gally-worm were the sole links 
of connection between the plant creation and air-breathing verte- 
brates. Is this due to the paucity of the fauna, or the imperfec- 
tion of the record f The fact that a few erect stumps have revealed 
nearly all the air-breathers yet found, argues strongly for the latter 
cause ; but there are some facts bearing on the other side* 

Our gally-worm, if, like its modem relatives, hiding in crevices 
of wood in forests, was one of the least likely animals to be found 
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in aqneous deposits. The erect trees gave it its almost sole cbance of 
preservation* I\ipa vetusta is a small species, and its shell very 
thin and fragile, while it probably lived among thick vegetation. 
Further it occurs in great abundance in the sigillaria stumps, and 
also in a bed separated from these by a thickness of 1217 feet, 
including 21 coal seams, having an aggregate thickness of about 
30 feet, 3 beds of bituminous limestone of animal origin, and per- 
haps 20 beds holding Stigmaria in situ,or erect Sigillarice and Calct- 
mites. The lapse of time implied by this succession of beds, many of 
them neccessarily of very slow deposition, must be very great, though 
it would be mere guess work to attempt to resolve it into years. 
Tet long though this interval must have been, Pupa vetusta lasted 
without one iota of change through it all ; and more remarkably 
still, wa9 not accompanied by any other moUusk of its family. 
Where so many specimens occur, and in situations so diverse, 
without any additional species, the inference is strong that no 
other of similar habits existed. If in any of those sub-tropical 
islands, whose climate and productions somewhat resemble those 
of the coal period, after searching in and about decaying trees, and 
also on the bars upon which rivers and lakes drifted their bur- 
dens of shells, we should find only a single species, but this in 
very great numbers, we would surely conclude that other species, 
if present, were very rare. 

Again, footprints referrible to DendrerpeUm occur in the lower 
coal measures below the marine limestones, in the middle coal 
measures, and in the upper coal formation, separated by a thick- 
ness of beds which may be estimated at 15,000 feet, and certainly 
representing a vast lapse of time. Did we know the creature by 
these impressions alone, we might infer its continued existence for 
all this great length of time ; but when we also find its bones in 
the principal repositories of reptile remains, and in company 
with the other creatures found with it, we satisfy ourselves that of 
them all it was the most likely to have left its trail in the mud flats. 
We thus have reason to conclude that it existed alone during^ 
this period, in so &r as its especial kind of habitat was con«. 



76 AIE-BBEATHERS OF THB COAL PERIOD. 

cerned ; though there lived with it other reptiles, some of whicfi, 
haanting principally the woods, and others the water, were leas 
likely to leave impressions of their footprints. These may be bat 
slight indications of truth, but they convey strong impressions of 
the persistence of species, and also of the paucity of species belong- 
ing to these tribes at the time!. 

Every fact of this kind is at present regarded in its bearings 
on the probable origin of species, and on the questions of indepen- 
dent creation or of derivation by natural selectiou, or by some 
other secondary law. Naturalists have set themselves to diiscover 
the philosopher's stone which can transmute the viler into the more 
exalted species. They will probably fail as others have fhiPed be- 
fore, but may at least hope to elicit some law of succession or 
occurrence of living creatures, and to settie more clearly than 
heretofore what should be regarded as natural species, as distinct 
from mere* races and varieties. It may perhaps be found, after 
all, that the question whether the creative force manifested itself 
in calling certain species into existence from nothing, from dead 
matter, or from previously organized matter, whether by an instant 
and miraculous act, by more sudden naturalcbange, or by slow and 
gradual processes, is insoluble by us ; or that all or many of these 
modes may have been concerned in making living befngs what 
they are ; but of this every sound thinker must be convinced, that 
if not originating in distinct creative acts, species as we have tiiem 
must be due to causes vastly more recondite and complex than the 
present advocates of derivation suppose. Nor can even the trans- 
mutationist altogether ^t rid of the miracle of creation ; though 
he may push it back to as great a distance as possible. Bome crea- 
tive force must always precede law, and this even when the 
theorist goes so fiw as to derive all things from a concourse of 
atoms ; or, more venturous stilf, dispenses even with atoms, and 
resolves all that he knows into an aggregate of conflicting yet mutu- 
ally convertible forces. It is scarcely to be supposed that any 
member even of this last school, will choose to plunge into the 
two-fold absurdity of suppomng that forces ard themselves pro- 
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dnced by nothing bat the law of their own action, and produce 
all things by their action on nothing but themselves. 

If we could affirm that the air-breathers of the coal period 
were really the first species of their several families, they might 
acquire additional interest by their bearing on this question of origin 
of species* We cannot affirm this ; but it may be a harm- 
less and not uninstructive play of fancy to suppose for a moment 
that they actually are so,^ and to inquire on this supposition as to 
the mode of their introduction. Looking at them from this point 
of view, we shall first be struck with the fact that they belong to 
all of the three great leading types of animals which include our 
modem air-breathen — the Vertebrates, the Articulates, and the 
MoUusks. This at once excludes the supposition that they can 
all have been derived from each other, within the limits of the 
coal periods No transmutationist can have the hardihood to as- 
sert the convertibility, by any direct method, of a snail into a 
millipede, or of a millipede into a reptile. The plan of structure 
in these creatures is not only different but contrasted in its most ea*- 
sential features. It would be far more natural to suppose that these 
animals sprang from aquatic species of their respective types* 
We should then seek for the ancestors of the snail in aquatic 
gasteropods, for those of the millipede in worms or crustaceans, 
and for those of the reptiles in the fishes of the period. It would 
be easy to build up an imaginary series of stages, on the principle 
of natural selection, whereby th^e results might be effected ; but 
the hypothesis would be destitute of any support from fact, and 
would be beset by more difficulties than it removes. Why 
should the result of the transformation of water snails breathing by 
gills be a Pupai Would it not much more likely be an Avricula 
OT & Limnea^ It will not solve this difficulty to say that the 
intermediate forms became extinct and so are lost. On the con- 
trary they exist to this day, though they were not, in so far as we 
know, introduced so early. But negative evidence must not be 
relied on ; the record is very imperfect, and. such creatures may 
have existed though unknown to us. It may be answered that 
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ibef eoidd not hare existed iq any coosiderable nnmben^ dae 
some of their iheDs would hare i^ieaied in the coel formatioii 
bedsy so rich in crnstaceans and biralve moUuka. Farther, the 
little Pi^Ni rranained unchanged daring a toj long time, and 
ihowB no tendency to readre itself into anything higher or to 
deacend to anything lower. Here^ if anywhere, in what appeara 
to be the first introdaction of air-breathing inyertebratesi we shoold 
be able to find the evidences of transition from the gills of the 
piosobranchiate and the cmstaoean to the air-sac of the pnlmonate 
and the tracheso of the millipede. It is also to be observed that 
many other stractaral changes are inyolved, the aggr^^ate <rf 
which makes a pnlmonate or a millipede diferent in every par- 
ticalar from its nearest allies among gill-bearing gasteropoda or 
crnstaceans. 

It may be said however that the links of connection between 
the coal reptiles aad the fishes are better established. All the 
known coal reptiles have leanings to the fishes in certain chaiao- 
ten; and insome^as in Jlrd^yosauncs, these are very cl'^se. Still 
the interval to be bridged over is wide, and the differences 
^re by no means those which we should expect Were the prob- 
lem given to convert a ganoid fish into an Archegotawnu or Dep* 
drerjpeton^ we should be disposed to retain unchanged such char- 
acters as would be suited to the new habits of the creature, and 
to change only those directly rdated to the objects in view. We 
should probably give little attention to differences in the arrange 
ment of skull bones, in the parts of the vertebrsB, in the external 
clothing, in the microscopic structure of the bone, and other 
peculiarities for serving similar purposes by organs on a different 
plan, which are so conspicuous so soon as we pass from the fish to 
the batrachian. It is not in short an improvement of the organs of 
the fish that we witness so much as the introduction of new organs* 
The foot of the batrachian, bears perhaps as close a relation to 
the fin of the fish as the screw of one steamship to the paddle wheel 
of another, or as the Utter to a carriage wheel ; a>nd can be just 
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as rationally supposed to be not a new instratnent but tbe old 
one changed. 

Again, onr reptiles of the coal do not constitnte a continuons 
series, nor is it possible that they can all, except at widely different 
times, have originated from the same sonrce. To suppose that 
iStyhnomiis grew out of Dendrerpeton or BapheteSj and Eosawrus 
out of either, startles us almost as much as to suppose that Baphetes 
grew out of Rhizodus^ or Hyhnomus out of Palasoniscus. It 
either happened, for some unknown reason, that many kinds of 
fishes put on the reptilian guise in the same period, or else the. 
vast lapse of ages required for the production of a reptile from 
a fish, must be indefinitely increased for the production of many 
dissimilar reptiles from each other ; or on the other hand we 
must suppose that the limit between the fish and reptile being 
once overpassed, a facility for comparatively rapid changes 
became the property of the latter. Either supposition would, I 
think, contradict such facts bearing on the subject as are known 
to us. 

We commenced with supposing that the reptiles of the coal 
might possibly be the first of their family, but it is evident from 
the above considerations, that on the doctrine of natural selection, 
the number and variety of reptiles in this period would imply that 
their predecessors in this form must have existed from a time 
earlier than any in which even fishes are known to exist ; so that 
if we adopt any hypothesis of derivation, it would probably be 
necessary to have recourse to that which supposes at particular 
periods a sudden and as yet unaccountable transmutation of one 
form into another ; a view which in its remoteness from anything 
included under ordinary natural laws, does not materially differ 
from that currently received idea of creative intervention, with 
which, in so far as our coal reptiles can inform us, we are for 
the present satisfied. 

There is one other point which strikes the naturalist in consid- 
ering these animals, and which has a certain bearing on such hy- 
pothesis. It is the combination of various grades of reptilian types 
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in these ancient creatures. It has been well remarked by Hugh 
Miller, and more fully by Agassiz, that this is characteristic of 
the first appearance of new groups of animals. Now selection, 
as it acts in the hands of the breeder, tends to specialization ;. and 
natural selection, if there is snch a thing, is supposed to tend in 
the same direction. But when some distinctly new form is to be 
introduced, an opposite tendency seems to prevail^ a sort of aggre- 
gation in one species of characters afterward to be separated and 
manifested in distinct groups of creatures. The introduction of 
such new types also tends to degrade and deprive of their higher 
properties previously existing groups of lower rank. It is easy 
to perceive in all this, law and order, in that higher sense in which 
these terms express the will and plan of the Supreme Mind, but 
not in that lower sense in which they represent the insensate 
operation of blind natural forces. 

Humble though the subjects of this paper are, we see in them 
the work of Supreme Intelligence, introducing new types 
upon the scene and foreshadowing in them those higher forms 
afterward to be created. It is this, their Divine origin, and the 
light which they throw on the plan and order of the creative 
work, of which we ourselves form a part, that gives them all 
their interest to us. They are the handiwork of our Father and 
our God, traces of his presence in primeval ages of the earth, 
evidences of the unity of his plan and pledges of its progressive 
nature; adding their feeble voices to the testimony of revelation 
in respeqt to the history of creation in its earlier stages, and to 
the carrying on of that plan which still involves the extinction of 
many things from the present world, and the elevation of others 
into new and glorious manifestations. Their place in the system 
of nature and in the order of the world's progress, their uses in 
their own time and their relations to other beings as parts of the 
great cosmos, are the points that chiefly interest us : and if any 
one desires to understand more in detail, how they were created, 
we wish him all success in his inquiries, but warn him not to 
suppose that this great mystery is to be solved by a reference 
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merely to material agencies, apart from that Spiritual Power 
who is the essence of forces, the origin of laws. 



While thesfe sheets were passing through the press, I have for 
the first time been enabled to study Von Meyer's plates of the 
coal reptiles of Grermany. They confirm my previous impression 
of the generic and probably family distinctness of Dendrerpeton and 
Hylonormis from Archegosaurus, The former of the two genera 
named is however that which approaches most nearly to Von 
Meyer's genus. The arrangement of 4ihe teeth in A, latirostris 
much resembles that in Dendrerpeton^ and the scales on the 
throat and belly are similar in form and arrangement. The form 
of the skull, and the proportions of its bones, are, however, quite 
different in the two genera. The vertebrae of Dendrerpeton are 
also much more perfectly ossified, its ribs very much larger and 
more bent, and its limbs much larger and adapted for supporting 
the body on the land. Archegosaurus must have been in all 
respects more ichthyoid and aquatic than any of the species of 
Dendrerpeton or Hylonomus. 

The skull figured by Von Meyer under the name of Sclero- 
ceplialus JSauseri^ may have belonged to an animal more nearly 
allied to Dendrerpeton than were the species of Archegosaurus. 

If animals of the type of Archegosaurus existed in the coal 
period in Nova Scotia, their remains would not be likely to occur 
in such repositories as the erect trunks of Sigillariae, but only in 
strictly sub-aqueous deposits. 
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